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ABSTRACT 
The present study used individual growth modeling to examine the role 
of specific forms (i.e., receptive, expressive, and definitional vocabulary and 
grammatical skill) and levels of oral vocabulary skill (i.e., 25th, 5Qth, or 75th 
percentile) in phonological awareness growth during the preschool and 
kindergarten years. Sixty-one, typically-developing, 3-, 4-, and 5-year-olds, all 
from middle- to upper-income families, participated in the year-long study. A 
comprehensive battery of standardized and unstandardized measures was used 
to assess phonological awareness, oral vocabulary (i.e., receptive, expressive, and 
definitional) and grammatical skill at baseline, and at 3, 6, and 9 months later. 
Receptive vocabulary was the strongest predictor of growth in 
phonological awareness for the sample as a whole, followed by expressive 
vocabulary and grammatical skill, respectively. In the full model, definitional 
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level vocabulary did not make a significant contribution to growth in 
phonological awareness. Receptive vocabulary accounted for additional 
phonological awareness growth in the 3-year-olds, but not in 4- and 5-year-olds, 
while expressive vocabulary accounted for additional phonological awareness 
growth in 4- and 5-year-olds, but not in 3-year-olds. 
Post hoc analyses were conducted to explore the change in relations 
between phonological awareness and receptive and expressive vocabulary that 
was identified by the individual growth models. The post hoc results suggested 
that higher levels of expressive vocabulary (i.e., higher scores on the measures) 
are likely required to complete phonological awareness tasks with the most 
difficult operations and highest task demands, even if the linguistic unit involved 
is large. 
The theory of lexical reorganization attributes the origin and protracted 
development of phonological awareness to increases in vocabulary size (Metsala 
& Walley, 1998). The present study's results suggest that increases in vocabulary 
size might be necessary, but not sufficient, as a foundation for phonological 
awareness development. Expressive level vocabulary might also be needed to 
hold words in memory to perform complex manipulations required in higher-
level phonological awareness tasks. 
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CHAPTER ONE: RESEARCH RATIONALE 
Background 
Long term studies that span from preschool through the third or fourth 
grades (NICHD ECCRN, 2005; Senechal, Ouellette, & Rodney, 2006; Storch & 
Whitehurst, 2002), as well as large-scale syntheses of literacy research, have 
identified both phonological awareness and oral vocabulary as important 
precursors to reading skill (Adams, 1990; Lonigan, Schatschneider & Westberg, 
2008; Snow, Burns, & Griffin, 1998; Whitehurst & Lonigan, 1998). Phonological 
awareness (P A), measured in preschool, strongly predicts word recognition, 
beginning in the first grade when decoding is the major reading challenge 
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(NICHD ECCRN, 2005; Storch & Whitehurst, 2002; Whitehurst & Lonigan, 1998). 
Kindergarten levels of oral vocabulary predict reading comprehension, 
beginning in the third grade, when background knowledge and oral language 
skill are required to understand grade-level texts (Baumann, 2005; Biemiller, 
2006; NICHD ECCRN, 2005; Juel, 2006; Senechal, Ouellette, & Rodney, 2006; 
Storch & Whitehurst, 2002). 
Children with low levels of phonological awareness and oral vocabulary 
are likely to experience reading difficulties that persist throughout their 
elementary school years Guel, 1988; Spira, Bracken, & Fischel, 2005; Stanovich, 
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1988). For example, Spira, Bracken, and Fischel found that 75% of the first 
graders who fell below the 30th percentile in reading remained there through the 
fourth grade or fell even lower. This rate of continued failure was consistent 
with, though slightly lower than, the rate of 88% identified in Juel's (1988) study, 
which also followed first graders with reading difficulties through the fourth 
grade. 
Research has clearly established that the frequency and complexity of 
child-directed speech (Hart & Risley, 1995; Hoff, 2006; Huttenlocher et al., 1991; 
Rowe, 2012), as well as extended discourse opportunities (Dickinson & Tabors, 
2001; Wells, 1985), are associated with oral vocabulary development. Less is 
known regarding the developmental origins of phonological awareness, 
although poor expressive vocabulary has been identified as a "limiting factor" in 
phonological awareness interventions. That is, children with low levels of 
expressive vocabulary were less likely to benefit from intensive instruction in 
phonological awareness than their more language-advantaged peers (e.g., 
Whiteley, Smith, & Connor, 2007). 
The theory of lexical reorganization (LRT) suggests that phonological 
awareness develops as a function of vocabulary knowledge (Fowler, 1991; 
Metsala, 1999; Metsala & Walley, 1998; Walley, 1993; see Metsala, 2011 for a 
review). According to LRT, early in development, when a child's lexicon is 
smalt words are stored holistically (i.e., with no segmental detail) and 
recognized by their overall acoustic shape, because there are few sound 
similarities among words in a small lexicon. As vocabulary size increases, 
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however, words begin to overlap in their phonology (e.g., cat, cot, kite). These 
phonologically similar words must be reorganized and re-stored segmentally, to 
allow for their differentiation from one another. The LRT claims that this process 
of reorganization, from holistic to segmental storage of words, prompts greater 
attention to, and learning about, phonemes, in the conscious way that is required 
for phonological awareness development. 
Support for the theory of lexical reorganization comes from studies that 
have identified a relationship between phonological awareness and oral 
vocabulary (Catts et al., 1999; Dickinson et al., 2003; Lonigan et al., 2000; Metsala, 
1999; Senechat Ouellette, & Rodney, 2006; Schwarz, Burnham, & Bowey, 2006; 
Silven, Niemi, &Voeten, 2002; Torppa, Lyytinen, Erskine, et al., 2010). Taken 
together, these studies have found that oral vocabulary knowledge predicts 
current and subsequent performance on specific phonological awareness tasks 
(DeCara & Goswami, 2002; Metsala, 1999), as well as on comprehensive 
measures of phonological awareness (McDowell, Lonigan, & Goldstein, 2007; 
Senechal, Ouellette, & Rodney; Schwarz, Burnham, & Bowey, 2006; Torppa, 
Lyytinen, Erskine, et al., 2010). A number of studies have found that oral 
vocabulary and phonological abilities are commensurate skills. Toddlers with 
low levels of expressive vocabulary (i.e., late talkers) exhibit delayed 
phonological development (Williams & Elbert, 2003), and, conversely, toddlers 
who exhibit high expressive vocabulary skills (i.e., precocious talkers) display 
advanced phonological/phonetic ability (e.g., number of consonants accurately 
produced) development (Smith, McGregor, & DeMille, 2006). Finally, there is 
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some evidence indicating that increases in oral vocabulary knowledge result in a 
"boost" in phonological awareness (i.e., crossover effect) in 3- and 4-year-olds 
Gustice, Chow, Capellini, Flanigan, & Colton, 2003; Lonigan, 2007). This 
evidence, however, has been found only in these two small samples of "at risk" 
children. 
Although research has firmly established a link between oral vocabulary 
knowledge and phonological awareness, questions remain regarding the specific 
nature of this relationship. One question is whether an average or above average 
vocabulary provides a benefit to the development of phonological awareness. If 
such a benefit exists, a second question is whether a specific type or form of 
vocabulary knowledge (i.e., receptive, expressive, and definitional) provides 
greater benefit to phonological awareness. A third question is whether a 
threshold or critical mass of vocabulary is needed to prompt the reorganization 
of enough words that the developmental course of phonological awareness, as 
captured in typical P A tasks, is altered. In other words, is there a vocabulary 
threshold that might explain the progress made by some preschoolers in P A 
development, and the lack of progress in others? 
Statement of the Problem 
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Many children, though not all, have little difficulty in acquiring 
phonological awareness and oral vocabulary knowledge during the preschool 
years. Those who begin kindergarten and first grade with low levels of these 
skills face a greater likelihood of reading difficulties during the elementary 
grades (Adams, 1990; Lonigan, Schatschneider & Westberg, 2008; Snow, Burns, & 
Griffin, 1998) than do children with higher levels. Predictable, home-related 
factors (e.g., maternal stress, low socioeconomic status, lack of literacy resources, 
limited maternal education) are associated with low levels of these essential 
skills. Although these factors place young children at considerable risk for 
reading difficulties, participation in high-quality preschools or interventions can 
compensate for less than advantageous home situations (e.g., Dickinson & 
Tabors, 2001). As a result, large-scale efforts (federally and privately funded) 
have aimed to provide direct support to preschool teachers, particularly those 
working with large populations of low-income children. 
Unfortunately, such efforts have had only a small impact on children's 
literacy development, particularly in the areas of phonological awareness and 
vocabulary. For example, the evaluation of the Early Reading First (ERF) 
program found no significant improvement in either skill in the projects studied, 
despite focused and sustained professional development provided to the 
preschool teachers (Jackson et al., 2007). Additionally, a recent evaluation found 
no significant impact of attending Head Start on preschoolers' phonological 
awareness, and only a small impact on vocabulary knowledge (US Department 
of Health and Human Services, 2010). 
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Despite the small improvement identified by the Head Start evaluation, 
the participating children in both programs lagged behind the national norms, 
which prompted widespread concern regarding the quality of preschool 
instruction, in general, and especially in preschools serving low-income children 
(Camilli, Vargas, Ryan, & Barnett, 2010; Dickinson, 2011; Early, Maxwell, 
Burchinal et al., 2007; Cabell, Justice, Konold, McGinty, 2011; O'Leary, Cockburn, 
Powell, & Diamond, 2010; Philips, Clancy, & Lanigan, 2008; Wasik & Hindman, 
2011; Zill & Resnick, 2006). 
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One significant hindrance to the goal of improving the quality of 
preschool instruction is what Dickinson, Freiberg, and Barnes (2011) refer to as 
early childhood teachers' understanding of "what it means 'to teach' the varied 
kinds of knowledge children require" (p. 354). Given the differences in timing of 
the effects of phonological awareness and oral vocabulary on reading 
development, early educators might assume that phonological awareness 
instruction should be emphasized primarily during the preschool and 
kindergarten years, to prepare children to learn to read, and that oral vocabulary 
development can be addressed later (i.e., in third grade and beyond). These 
assumptions can have enduring, negative effects on children's development, 
particularly in the area of oral vocabulary. Specifically, unlike phonological 
awareness, which can often be improved with a relatively short period of 
targeted instruction (e.g., Ehri & Nunes, 2001; Lundberg, 2009; Whiteley, Smith, 
Connors, 2007), early gaps in oral vocabulary are extremely difficult to 
ameliorate because knowing fewer words early in life makes it harder to learn 
more words, and because the same horne factors that provide less than optimal 
early vocabulary acquisition remain beyond the early years (Beitchman et al., 
2008; Farkas & Beron, 2004; Hart & Risley, 1995). 
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At present, phonological awareness instruction is emphasized heavily in 
many preschool and kindergarten classrooms (Neuman, 2006; Neuman & 
Roskos, 2005; Paris, 2005; 2010; Strickland & Riley-Ayers, 2006) because its 
influence on word recognition skill has been so firmly established and it can be 
assessed so easily (Paris, 2005). Phonological awareness instruction is often 
limited to discrete, isolated tasks, such as clapping syllables in words or isolating 
their phonemes verbally (Lonigan, Allan, & Lerner, 2011). Devoting significant 
portions of instructional time to phonological awareness, alone, may increase 
phonological awareness and subsequent word reading skill, but at a high cost, 
especially if oral vocabulary and associated content knowledge are not given 
adequate attention (Dickinson, Golinkoff, & Hirsh-Pasek, 2010; Neuman, 2006, 
2009). Because early vocabulary and content knowledge anchor the development 
of knowledge, they are critical to good reading comprehension in the later grades 
(Juel, 2006; Mason, 1984). Failing to provide young children with ample word 
and world learning opportunities can lead to "knowledge gaps" (Neuman, 2009). 
To date, studies have not clearly specified the nature of the link between 
oral vocabulary and phonological awareness development, leaving early 
childhood personnel without clear guiding principles for making instructional 
decisions. If there is clear evidence that vocabulary development influences not 
only later reading comprehension, but also the development of phonological 
awareness, a reallocation of instructional time would be warranted. This shift in 
instructional time would not only strengthen phonological awareness, and 
decoding skill, in turn, but would also help children build a more robust oral 
language foundation to support their reading comprehension in the later grades. 
Purpose of the Study 
This study was designed to better understand the relations between 
growth in phonological awareness and vocabulary (i.e., receptive, expressive, 
definitional vocabulary, and grammatical skill) during the preschool and 
kindergarten years. The research sample consisted of 61 typically developing 3-, 
4-, and 5-year-olds from English speaking, mid- to upper-SES families. This 
sample was selected intentionally. First, phonological awareness and oral 
vocabulary were expected to grow rapidly over the year, allowing for the best 
opportunity to observe any patterns in development. Second, this population 
was expected to achieve average levels of vocabulary skill on the test measures. 
Presumably, this level of skill would ensure that they had acquired enough 
words that overlap considerably in phonology to prompt considerable lexical 
reorganization. 
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Using a comprehensive battery of standardized and unstandardized 
measures, the children were assessed on phonological awareness, oral 
vocabulary (i.e., receptive, expressive, and definitional) and grammatical skill, 
four times over a year. Growth curve modeling was used to examine patterns in 
both the initial status and the rate of change in phonological awareness, oral 
vocabulary knowledge (i.e., receptive, expressive, definitional vocabulary), and 
grammatical skill, treated in this study as a fourth oral vocabulary measure, at 
varying levels (i.e., 251h, 501h, and 75th percentile). Two primary research 
questions were pursued: 
1) For each child in the study, how do phonological awareness and 
vocabulary knowledge change over time? 
2) Are between-person differences in the pattern of change in phonological 
awareness (initial status, direction, and/or rate of change) related to 
different types of vocabulary (i.e., receptive, expressive, and definitional 
vocabulary and grammatical skill) or to different achieved levels (i.e., 25th, 
50th, and 75th percentile) of vocabulary knowledge? 
Two related, secondary questions were also pursued: 
1) Are specific thresholds of vocabulary, such as the number of words 
identified (receptive level) or produced (expressive level), related to the 
emergence, acceleration, or deceleration in the trajectory observed in 
phonological awareness development? 
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2) Is there evidence to suggest that, within the period of time from 3- to 6-
years of age, there are periods during which the strength of the 
relationship between different types (i.e., receptive, expressive, and 
definitional vocabulary and grammatical skill) or achieved levels (i.e., 25th, 
50th, and 75th percentile) of vocabulary and phonological awareness 
increases or declines? 
Research Hypotheses 
Based on current research showing a relationship between oral vocabulary 
and phonological awareness, it was hypothesized that, for this sample, growth in 
phonological awareness would occur steadily and rapidly (Farkas & Beron, 2004; 
Hart & Risley, 1995; Lonigan et al., 2000), and would be strongly related to oral 
vocabulary (Metsala, 2011). It was also hypothesized that children with the 
highest levels of vocabulary at each testing point would exhibit faster rates of 
growth in phonological awareness compared to their peers with lower initial 
levels of vocabulary skill. 
Definition of Terms 
Age of Acquisition: The approximate age at which a word is learned. Words 
learned earlier in development have lower AOA ratings while words acquired 
later in development have higher AOA ratings. 
Alphabet knowledge: The knowledge of letter names and associated sounds. 
Code-related skills: Literacy skills that include alphabet knowledge, phonological 
awareness, and print awareness, which are predictive of first grade decoding 
skill (Storch & Whitehurst, 2002) 
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Comprehension of text: The process of simultaneously extracting and constructing 
meaning through interaction and involvement with written language (Snow, 
2002, pg. xiii) 
Decoding: The use of alphabet mapping to pronounce written words or non-
words accurately 
Lexical neighborhoods (or similarity neighborhoods): Words that differ by one 
phoneme. 
Neighborhood density: Refers to the number of phonologically similar "residents" 
in a lexical neighborhood. For example, the word cat resides in a dense 
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neighborhood whereas the word judge resides in a sparse neighborhood (Luce & 
Pisoni, 1998). 
Lexical reorganization theory (LRT or lexical restructuring model): A theory 
suggesting that a child's phonological representations of words become more 
segmental as a function of vocabulary growth. Early in development, when 
children know few unique words, the words known are stored holistically in 
memory; however, as vocabulary knowledge develops over time, words begin to 
be represented in more fine-grained ways, 
Oral language: The ability to produce and/or comprehend aspects of spoken 
language, including semantics, syntax or both (Lonigan, Schatschneider & 
Westberg, 2008). 
Oral language skills: A set of skills that includes listening comprehension, 
understanding, and producing complex language; vocabulary; syntax; and 
grammatical skill. 
Oral vocabulary: The words one recognizes, when listening, and uses comfortably 
when speaking. 
Phonological awareness (or phonological sensitivity): The ability to detect, 
manipulate, or analyze components of spoken words, such as syllables, onset-
rimes, and phonemes, apart from consideration of their referents (Gillon, 2004). 
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Phonological representation: The word-level phonological information that is stored 
in the lexicon (Metsala, 1999). 
Vocabulary (or lexicon): Knowledge of word meanings. Receptive vocabulary 
includes the words recognized well enough to comprehend them when reading 
or listening. Expressive vocabulary consists of words that can be appropriately 
used when speaking or writing. Definitional vocabulary requires depth of word 
meanings (i.e., many semantic links). 
Word familiarity: A child's experienced frequency of hearing/using a word, as 
well as the child's age when the word was acquired (AOA). 
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CHAPTER TWO: REVIEW OF THE LITERATURE 
This literature review includes research on the foundations of early and 
later reading, phonological awareness and oral vocabulary development, and the 
theory of lexical reorganization. By going beyond the literature pertaining to the 
relationship between the development of phonological awareness and oral 
vocabulary (i.e., the theory of lexical reorganization), which is the primary focus 
of this study, the review provides contextual information that explains this 
theory's importance. 
Foundations of Early and Later Reading 
To read skillfully, a child must learn to engage in two distinct and 
simultaneous processes: decoding and comprehending. Decoding requires 
associating spoken language with its written form to "sound out" and pronounce 
written words (Ehri, 1995; Perfetti, 1985). During decoding, the reader also 
constructs meaning (i.e., reading comprehension). When the comprehension 
process is efficient, the reader uses contextual information, syntactic information, 
and relevant background knowledge to understand the meanings of individual 
words, sentences, paragraphs, as well as the text as a whole. 
In the early phases of reading development, the child's primary focus is 
decoding. Comprehension is limited during this period, because much of the 
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reader's attention is devoted to translating letters into sounds, blending these 
sounds into recognizable words or word approximations (Adams, 1990; LaBerge 
& Samuels, 1974; Perfetti, 1985), and then connecting them to words in the 
lexicon (i.e., phonological recoding; Share, 1995). With reading practice, 
however, specific grapheme-phoneme relationships and some orthographic 
patterns are strengthened until they become over-learned. As a consequence, 
many words are recognized automatically (Adams, 1990; Share, 1995). With 
automaticity in word recognition, comprehension improves because the reader is 
able to devote more attention to understanding the text (LaBerge & Samuels, 
1974). 
Although comprehension and decoding interact with one another during 
reading, each is supported by a unique set of understandings: code-related skills 
and oral language knowledge (NICHD, ECCRN, 2005; Scarborough, 2001; Storch 
& Whitehurst, 2002; Whitehurst & Lonigan, 1998). Code-related skills (i.e., 
decoding skills) include alphabet knowledge, phonological awareness, phoneme-
grapheme associations, and print knowledge. Together, these skills account for 
considerable variance in word recognition during early reading development 
(e.g., Adams, 1990; Lonigan, Schatschneider & Westberg, 2008; NICHD, 2000; 
NICHD ECCRN, 2005; Storch & Whitehurst, 2002). Code-related skills are 
generally learned "early and entirely" because they are finite (e.g., 26letters, 44 
phonemes). For this reason, Paris (2005) refers to code-related skills as 
"constrained" (p. 230). 
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Oral language knowledge (i.e., comprehension skills) includes oral 
vocabulary, syntax, and narrative skill. Together, these skills support reading 
comprehension during the later, more conventional, phases of reading (i.e., 
beginning in the third grade) when both deep stores of background knowledge 
and oral language skill are required to understand grade-level texts (Duke, 
Pressley, & Hinden, 2005; Juel, 2006; NICHD ECCRN, 2005; Storch & Whitehurst, 
2002). In order to keep up with the increasing demands of texts that students are 
required to read and comprehend, oral language and background knowledge 
must develop continuously. Thus, Paris (2005) refers to these comprehension-
related reading skills as "unconstrained" (p. 230). 
The Roles of Phonological Awareness and Vocabulary in Reading 
Research has identified phonological awareness, a code-related skill, and 
oral vocabulary, a comprehension-related skill, as strong predictors of reading 
achievement (Juel, 2006; NICHD, 2008; Scarborough, 2001; Spira, Bracken, & 
Fischel, 2005; Storch & Whitehurst, 2002; Vellutino et al., 2007). The following 
sections provide a review of these constructs, including how each contributes to 
reading skill and is measured in research studies. 
Phonological Awareness 
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Research on phonological awareness is part of a larger field of research on 
phonological processing (Anthony & Lonigan, 2004). Phonological processing, 
which involves the storage, retrieval, and manipulation of phonological 
information, includes three distinct, but correlated abilities (Torgesen & Burgess, 
1998; Wagner et al., 1994, 1997). These are phonological memory, phonological 
access to lexical store, and phonological awareness. 
Phonological memory, defined as the ability to maintain sound-based 
information temporarily in short- term memory (Lonigan, 2006), is determined 
by assessing how well a child remembers a sequence of unfamiliar sounds (e.g., 
pseudo-words) dictated by an examiner. Studies have indicated that 
phonological memory, measured in kindergarten, predicts reading performance 
in elementary school (Mann & Liberman, 1984). Its contribution, however, is 
generally explained by its relationship with phonological awareness, because, 
during reading, phonological representations must be held in memory as 
manipulations are performed on them (McBride-Chang, 1995; Wagner et al., 
1993). 
Phonological access to lexical store, often referred to simply as lexical 
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access, involves associating visual information, such as words, syllables, or 
letters, with their phonological representations. Whereas phonological memory 
utilizes short-term memory, lexical access involves the retrieval of information 
from long-term memory. Lexical access is measured by rapid serial naming tasks 
that require a child to quickly and accurately recall the names of visually 
presented material. For example, the rapid automatic naming (RAN) task 
measures a child's immediate recall of different stimuli (e.g., letters, colors, or 
digits) that are presented randomly (Logan, Schatschneider, & Wagner, 2009). 
When this process is efficient, a reader quickly and accurately translates visual 
information into phonological information to support decoding (Lanigan, 2006). 
Broadly defined, phonological awareness is the ability to detect, reflect on, 
and manipulate the sounds in spoken words (Gillon, 2004). Children who are 
considered phonologically aware can manipulate spoken language in a variety of 
ways. For example, they can segment sentences into words, words into syllables 
(e.g., again into /a/ and /gain/), and syllables into onsets and rimes (e.g., cat into 
/c/ and /at/) or phonemes (e.g., back into /b/, /a/, /k/). Phonemic awareness, an 
advanced phonological awareness skill, involves the conscious awareness of 
phonemes, the smallest unit of spoken language, or the ability to complete more 
complex operations, such as when asked to isolate the first sound in a word tea or 
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ice, or delete the final phoneme /p/ from keep (i.e., phoneme elision) (e.g., Adams, 
1990; NICHD, 2000). 
Phonological awareness is probed in a variety of ways, in both research 
studies and classrooms. The measures used to assess phonological awareness 
are related closely (Stahl & Murray, 1994; Stanovich et al, 1984, 1988), although 
they differ in the linguistic unit that is analyzed (e.g., word, syllable, onset-rime, 
or phoneme); the position of the linguistic unit this is manipulated (e.g., initial, 
medial, final); the required operation (e.g., detection, segmentation, elision, 
production) (Stahl & Murray, 1994; Yopp, 1988); and the response mode (e.g., 
verbal, nonverbal, motor). Measures also differ in whether they do or do no 
provide pictorial support (Swingley, 2007), and in the types of probes used (e.g., 
words or pseudo-words) 
Given the variations in phonological awareness tasks, there is 
considerable debate regarding how phonological awareness should be 
conceptualized (e.g., McBride-Chang, 1995; Stahl & Murray, 1994, Stanovich, 
Cunningham, & Cramer, 1984; Yopp, 1988). For example, after administering 10 
different measures of phonological awareness to kindergarten children, Yopp 
(1988) identified two factors that explained performance: phoneme awareness 
(i.e., tasks that involve segmenting, blending, isolating, and counting phonemes) 
and phoneme awareness +memory (i.e., tasks that involve holding a unit in 
memory while performing an operation). In contrast to Yopp's 
21 
conceptualization of phonological awareness tasks, Stahl and Murray identified a 
single factor. In addition, these researchers found that, for kindergarten and first 
grade children, the size of the linguistic unit of analysis (i.e., linguistic 
complexity) explained performance in phonological awareness better than 
differences in the required operation (i.e., task difficulty). Anthony and Lanigan 
(2004), on the other hand, determined that phonological awareness measurement 
is best conceptualized as a unified construct that includes consideration of level 
for both linguistic awareness and task difficulty. That is, performance on 
different tasks, at varying levels of difficulty, reflects the development of a single, 
underlying ability (i.e., phonological awareness), not the development of distinct 
skills. 
Contributions of phonological awareness to reading skill. Although 
there has been considerable research on the relationship between all levels of 
phonological awareness (i.e., rhyme, syllable, onset-rime) and later reading skill 
(e.g., Castles & Coltheart, 2004; de Jong & van der Leij, 2002; Goswami & Bryant, 
1990; Liberman, Shankweiler, Fischer & Carter, 1974; MacLean, Bryant, & 
Bradley, 1987), phonemic awareness is considered the most important for 
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reading development in languages with an alphabetic writing system, because 
print symbols (i.e., graphemes) represent speech at the phoneme level (Lonigan, 
Schatschneider & Westberg, 2008; NICHD, 2000; Ehri et al., 2000). 
Evidence gleaned from correlational and training studies has firmly 
established a strong, positive relationship between phonological awareness, 
measured in preschool and kindergarten, and later reading development. In fact, 
phonological awareness is often described as the single best predictor of reading 
achievement (Adams, 1990; Bradley & Bryant, 1985; Bus & van ljzendoorn, 1999; 
Byrne & Fielding-Barnsley, 1989; Ehri & Sweet, 1991; Ehri & Nunes, 2001; Juel, 
1988; Muter, Hulme, Snowling, & Taylor, 1997; Muter & Snowling, 1998; 
Lonigan, Schatschneider & Westberg, 2008; NICHD, 2000; Snow, Bums, & 
Griffin, 1998; Stahl & Murray, 1994; Stanovich, Cunningham, & Cramer, 1984, 
1988). 
Correlational studies. A number of correlational studies have identified 
concurrent and predictive relations between phonological awareness and 
reading development. For example, Juel (1988) found that children who entered 
first grade struggling to read words had little phonemic awareness and were 
slow to develop it. Moreover, children with the lowest levels of phonemic 
awareness tended to be the poorest readers. Similarly, Muter, Hulme, Snow ling, 
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and Taylor (1997) found that kindergartner's performance on phonological 
awareness tasks (i.e., identification, blending, and deleting phonemes) predicted 
word recognition in the first and second grade. In another study, Stanovich, 
Cunningham, and Cramer (1984) found that phonological awareness 
performance in kindergarteners on non-rhyming measures were stronger 
predictors of reading performance in the first grade than performance on the IQ 
measure. 
Training studies. Training studies offer evidence of a causal role for 
phonological awareness in learning to read (Ball & Blachman, 1991; Bradley & 
Bryant, 1983; Bus & van ljzendoom, 1999; Lundberg, Frost, & Petersen, 1988; 
Lonigan, Schatschneider & Westberg, 2008; NICHD, 2000). The results from 
these studies converge on three major findings. First, phonological awareness 
instruction results in increased phonological awareness skill (e.g., Brady, Fowler, 
Stone, & Winbury, 1994); second, when phoneme-level instruction is provided, 
reading skill is impacted positively (e.g., Bradley, 1988; Ehri et al., 2001; 
Lundberg, 2009; Lundberg, Frost, & Peterson, 1988; Lonigan, Schatschneider & 
Westberg, 2008); and third, children who receive a combination of phoneme-level 
training and letter-sound instruction perform better in reading and spelling than 
those who receive phoneme-level awareness training alone (Ball & Blachman, 
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1991; Ehri & Nunes, 2001; Lonigan, Schatschneider & Westberg, 2008). 
In a study of 42 inner-city kindergarteners, Brady and colleagues (1994) 
demonstrated that explicit instruction in phonological awareness developed 
phonological awareness skill. Initially, fewer than half of the children in this 
study could generate rhymes, and none were able to complete a phoneme 
segmentation task or read any words. After only 18 weeks of instruction, all but 
one of the children in the trained group (N=21) could generate rhymes, 
compared to only 12 of the 21 in the control group. Although six children could 
segment words with three phonemes at the end of the study, the transfer of 
phonological training to reading and spelling tasks was not significant. 
In one of the first studies to use systematic phonological awareness 
instruction, Lundberg and colleagues (1988, 2009) observed how phoneme-level 
training can support later reading and spelling. These researchers provided 390 
kindergarteners with eight months of daily training in a range of phonological 
awareness tasks that included phoneme-level instruction. As expected, the 
children made significant gains in phonological awareness, and there were 
significant effects of P A on both spelling and reading in the first and second 
grades. 
Finally, children who participated in training conditions that included a 
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combination of phoneme-level and letter-sound instruction achieved better 
results compared to those who received phoneme-level training alone (Ball & 
Blachman, 1991; Ehri et al., 2000; Lanigan, Schatschneider & Westberg, 2008). 
For example, Ball and Blachman found that small groups of kindergarten 
children, trained in both phonemic segmentation and letter-sound instruction 
four times per week for seven weeks, significantly outperformed groups who 
received letter-sound instruction, alone, on measures of phoneme segmentation, 
word reading, and spelling. The results were consistent whether the training 
was provided by the researcher or the classroom teacher. In another study, 
Bradley and Bryant (1983) trained three groups of 4- and 5-year-olds to 
categorize words: (1) phonologically (i.e., by sound); (b) phonologically and 
visually (i.e., by letters and sounds); or, (c) semantically (i.e., by meaning). The 
instruction was provided individually in ten-minute sessions over a two-year 
period. At the end of the training period, both the phonological and 
phonological/visual groups outperformed the semantic group in phonological 
awareness. Only the phonological/visual group, however, outperformed the 
semantic group on measures of reading and spelling. 
Problems with assessment. Despite the evidence gleaned from studies on 
the role of phonological awareness in reading development, there is some 
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evidence to suggest that assessing phonological awareness, alone or in 
combination with other literacy measures, may result in the over identification of 
children "at risk" for late reading difficulties (i.e., false positives) and an under 
identification of others who later develop reading difficulties (Hogan, 2010; 
Torgesen & Burgess, 1998). For example, after administering measures of 
phonological awareness (e.g., phoneme deletion), rapid automatic naming, and 
letter identification, Torgesen and Burgess identified 23 of the 240 children total 
as having a high probability for developing reading difficulties. However, only 
14 were correctly identified, while nine were false positives. Perhaps more 
concerning was that 10 of the children who were not identified by the measures 
as "at risk," developed reading difficulties one year later. The results of this 
study, as well as others (Spira, Bracken, & Fischel, 2005; see Castles & Coltheart, 
2004 for a review), suggest that assessing phonological awareness may be 
necessary, but not sufficient, for the identification of children with potential 
reading difficulties, and that phonological awareness tasks might, for various 
reasons, fail to assess children's skill in a fine-grained manner (Cassady, Smith, & 
Pullman, 2008; Hogan, 2010). 
Oral Vocabulary 
Oral vocabulary is defined as the words one understands and uses when 
speaking and listening. It is generally probed in literacy research at one (or 
more) of three levels that provide information about a child's breadth and/or 
depth of word knowledge. 
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Levels of vocabulary knowledge. Receptive vocabulary (i.e., words in 
the listening vocabulary) is typically measured by picture tasks that require the 
child to point to the one target named by the examiner from among several 
probes provided. Receptive-level knowledge requires only very minimal 
knowledge of a word. For example, the child may be able to understand the 
word in context, but cannot use it when speaking, and has little if any 
understanding of the word's meaning. Expressive vocabulary (i.e., words in the 
productive or working vocabulary) is typically measured by naming tasks. 
When a child has expressive-level knowledge of a word, receptive-level 
knowledge of the word is assumed. 
The development of receptive knowledge of a word precedes that of 
expressive knowledge of a word because, "a certain level of word 
comprehension is a prerequisite for expressive language to get off the ground" 
(Goodman & Bates, 1997, p. 519). A child's receptive vocabulary is always larger 
than the child's expressive vocabulary because some words never become 
familiar enough to enter the expressive vocabulary. 
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Lastly, definitional-level word knowledge (i.e., definitional vocabulary) 
requires both receptive- and expressive-level understanding of a word, as well as 
an understanding of the concepts that each word represents. Definitional 
knowledge of words develops over time from repeated exposure to, and 
experience with, words, across different contexts, and through an understanding 
of the concepts that the words denote. Definitional, receptive, and expressive 
knowledge are correlated. That is, children typically provide a more complete 
definition for an object they can recognize and name (i.e., in a picture-naming 
task) than for an object they cannot (McGregor, Friedman, Reilly, & Newman, 
2002). 
Definitional word knowledge is usually measured by asking children to 
provide a definition or to choose a synonym for a target word. Children as 
young as three can provide definitions (Anderson, 1975) that include 
concrete/descriptive (e.g., red), locative (e.g., on a tree), and/or functional 
information (e.g., eat it), when prompted (Al-Issa, 1969; Anderson, 1975; 
McGregor et al., 2002). Occasionally, they will also provide categorical 
information (e.g., fruit) (Al-Issa, 1969). 
In some studies, grammatical skill, measured by syntactic or 
morphological tasks, is included in a composite vocabulary variable (Lonigan, et 
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al., 2000) or used alone as an indicator of vocabulary knowledge (e.g., Burgess 
and Lonigan, 1998). Although researchers do not always explain why a 
grammatical skill measure is included, studies that examine the individual 
contributions of grammatical skill and oral vocabulary provide some insight 
(e.g., Bowey, 2005; Muter, Hulme, Snowling, & Stevenson, 2004; Senechal, Pagan, 
& Lever, 2008; Willows & Ryan, 1986). Specifically, oral vocabulary and 
grammatical skill measured in kindergarten are predictive of reading 
comprehension (Catts, Fey, Zhang, & Tomblin, 1999; Muter, Hulme, Snowling, & 
Stevenson, 2004) and reliably differentiate between typically developing and 
struggling readers (Catts et al., 1999). Consistent with vocabulary development, 
grammatical skill develops rapidly in the early years and is highly sensitive to 
input (Huttenlocher, Vasilyeva, Waterfall et al., 2007) . Moreover, grammatical 
skill is thought to "bootstrap" lexical development by providing syntactic clues 
to word meanings (e.g., Dixon & Marchman, 2007). The relationship between 
grammatical skill and vocabulary will be explored further in a later section. 
Taken together, studies that examine levels of vocabulary knowledge and 
grammatical skill suggest that children's understanding of words ranges from 
minimal understanding of some words (i.e., receptive level), more precise 
knowledge of some words (i.e., expressive level), and extensive, semantic 
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understanding (i.e., definitional level) of others (Al-Issa, 1969) in addition to 
grammatical/syntactic knowledge of these words. Over time, as children 
develop a deeper understanding of words and related concepts, their knowledge 
of many words increases from receptive, to expressive, and, ultimately, to 
definitional. 
Storage of words. Most models of lexical access suggest that words are 
stored as representations that represent their meanings and sounds (Levelt, 
Schriefers, Vorberg et al., 1991; Levelt, Roelofs, & Meyer, 1999; Luce, Goldinger, 
Auer, & Vitevitch, 2000; Vitevitch & Luce, 1998; Storkel et al., 2010). Semantic 
representations include information about the word's meaning, as well as 
relevant syntactic information (e.g., grammatical class, gender), whereas form 
representations, such as lexical and phonological representations, include 
information about the word's sounds. Specifically, phonological representations 
are composed of individual sounds that comprise a whole word (e.g., /k/ /a/ /t/) 
while lexical representations are the integration (i.e., combination) of the sounds 
that comprise the whole word (i.e., /kat/). Whereas some researchers (e.g., Luce 
et al., 2000) suggest that lexical and phonological representations have distinct 
roles in lexical access, other models do not distinguish between phonological and 
lexical representations (e.g., Levelt et al., 1991, 1999; McGregor et al., 1994, 1997). 
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In these studies, both the whole word (i.e., lexical) and its constituent sounds 
(i.e., phonological) are referred to as phonological representations. Thus, in the 
section that follows, all sound-based representations are referred to as 
phonological representations unless a distinction between the lexical and 
phonological representations was made in the studies reviewed. 
Models of word recognition further our understanding of how 
representations might be stored in memory. For example, in their two-phase 
model, Levelt and colleagues (1991, 1999) suggest that during a naming task (e.g., 
hand), activation spreads to semantically related words (e.g., foot, fingers, arm, 
legs) until the phonological (i.e., form) representation of the target is activated 
and retrieved from the lexicon (i.e., hand). The errors young children make on 
naming tasks provide insight into the nature of their semantic and phonological 
representations (McGregor, 1994, p. 174; McGregor et al., 2002, 2007). For 
example, in a study that examined errors of preschoolers, with and without 
word-finding deficits errors, McGregor (1997) found that on naming tasks, the 
most common semantic errors were thematically related to the target (e.g., 
"necklace" for bead; or "putting water on the plants" for watering). On the story 
retellings, however, taxonomic errors, such as the use of in-class coordinates 
(e.g., "horse" for donkey), occurred most frequently. The researchers suggest that 
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semantic errors occur when children have partial or fragile semantic 
representations of the target (i.e., do not know the word well). Thus, they 
provide incomplete thematic information (e.g., "priesting" for praying). With 
fragile representations, a child understands the target, but perhaps not well 
enough to distinguish it from other, closely related, words. Thus, a semantically 
linked representation is accessed instead of the correct word (e.g., "flower" for 
plant). 
Phonological (i.e., sound based) errors occur less frequently than semantic 
errors. The most common types of phonological error involve real-word 
substitutions (e.g., shoe horn for horse shoe) and phonological distortions (e.g., 
"merry rounting" for merry-go-round or "honkey" for donkey). In rare cases, 
children reveal an inability to access the phonological representation of a word 
they clearly knew (i.e., tip-of-the tongue state). 
Taken together, the number and types of errors made by the children 
suggest that there are two "points of breakdown" in lexical access-one semantic 
and the other phonological. Moreover, McGregor's (2002) results indicated that 
unless a child does not know the word, the semantic and phonological errors 
made were logically related to the target. Thus, even when a child did not know 
the target well, partial or fragile representations were stored in the lexicon. 
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Contributions of oral vocabulary to reading skill. Longitudinal research 
has firmly established that oral vocabulary knowledge, measured in preschool or 
kindergarten, is a strong predictor of reading comprehension beginning in the 
third grade, and sometimes a weak predictor of reading comprehension in earlier 
grades (Muter, Hulme, Snowling, & Stevenson, 2004; NICHD ECCRN, 2005; 
Roth, Speece, & Cooper, 2002; Senechal, Ouellette, & Rodney, 2006; Storch & 
Whitehurst, 2002). In one such study, Senechal and LeFevre (2002; see also 
Senechal, Ouellette, & Rodney, 2006) found that receptive vocabulary in middle-
to upper-income Canadian kindergarteners predicted 4% of the unique variance 
in comprehension in the third grade. In a similar study involving British 
kindergartners, Muter, Hulme, Snowling, and Stevenson (2004) found that 
receptive vocabulary in kindergarten predicted comprehension in the second 
grade. Roth, Speece, and Cooper (2002) used several vocabulary measures, 
including receptive vocabulary, word retrieval (i.e., expressive vocabulary), and 
oral definitions (i.e., definitional vocabulary) in their study of economically-
diverse kindergartners. Though limited in longitudinal scope (i.e., only two 
years), the researchers identified a moderate correlation between vocabulary 
knowledge in kindergarten and reading comprehension in both first (i.e., r = .38 
and .53 for receptive vocabulary and oral definitions, respectively) and second 
34 
grades (r = .41 and .70 for receptive vocabulary and oral definitions, 
respectively). Moreover, performance on these vocabulary measures accounted 
for 23% of the variance in reading comprehension in the second grade. 
A growing body of research suggests that definitional vocabulary is 
particularly important for reading comprehension (Lonigan, Schatschneider & 
Westberg, 2008; Proctor et al., 2009). For example, Ouellette (2006) examined the 
relationship between each of the three levels of vocabulary and decoding (i.e., 
pseudo-words), visual word recognition (i.e., complex sight words), and reading 
comprehension in typically developing fourth graders (N=64). Receptive and 
expressive vocabulary levels were examined using picture identification and 
naming tasks, respectively. Definitional vocabulary was assessed with both 
synonym and definitional tasks. Receptive vocabulary was the strongest 
predictor of decoding, expressive vocabulary was the strongest predictor visual 
word recognition, and definitional vocabulary was the strongest predictor of 
reading comprehension, beyond the contributions of the other levels of 
vocabulary. 
Vellutino, Tumner, Jaccard, and Chen (2007) extended Ouellette's study to 
both younger and older participants. These researchers administered oral 
definitions and similarity tasks (i.e., explain commonalities in words) to students 
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classified as either "younger" (i.e., second and third grade) or "older" readers 
(i.e., six and seventh grade). Performance on both tasks was significantly related 
to reading comprehension for both the younger and the older groups. 
Although studies have established the relationship between vocabulary 
knowledge and reading comprehension, the relationship between oral 
vocabulary and decoding continues to be debated (Catts et al., 1999; Dickinson et 
al., 2003; NICHD ECCRN, 2005; Senechal, Ouellette, & Rodney, 2006; Storch & 
Whitehurst, 2002). Whereas some researchers have suggested that the 
contributions of oral language on decoding are indirect (i.e., through its 
relationship with phonological awareness) (e.g., Storch & Whitehurst, 2002; 
Whitehurst & Lonigan, 1998), others suggest that oral language may be directly 
involved in decoding (e.g., NICHD, ECCRN, 2005). Specifically, the NICHD 
ECCRN (2005) study of children's reading and language development from 36 
months through the third grade, found a direct path between a comprehensive 
measure of oral language (i.e., grammatical skill, and communicative ability) and 
decoding, but not when vocabulary was examined alone: 
54-month vocabulary did not predict 151 grade word recognition. Both 
vocabulary and more comprehensive language play unique roles in P 1 
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grade reading, but when they are considered in tandem, comprehensive . 
language plays the more prominent role (p. 434). 
When considered alone, however, vocabulary skill is only related to decoding 
indirectly, through its effect on phonological awareness. 
The Lonigan, Schatschneider & Westberg (2008), which conducted a meta-
analysis of early literacy studies, concluded that there are differential benefits to 
reading comprehension from different levels of vocabulary knowledge with the 
most variance accounted for by definitional vocabulary, followed by receptive 
and expressive vocabulary (i.e., 20%, 12%, and 12% of the variance, respectively). 
Importantly, the Panel also noted that, when each level of vocabulary, listening 
comprehension, and grammatical skill were measured in preschool or 
kindergarten, and used together, they accounted for 49% of the variance in 
reading comprehension, beginning in the third grade. 
The Development of Oral Vocabulary and Phonological Awareness 
Full understanding of the relationship between oral vocabulary and 
phonological awareness in early and middle childhood requires an 
understanding of how each is acquired, as well as how young children "integrate 
this knowledge throughout development" (Zamuner, 2011, p. 56). In the 
following sections, overviews of oral vocabulary and phonological awareness 
development up through the preschool years are presented. Sources of 
variability in their development, as well as the theory of lexical reorganization, 
are also discussed. 
Oral Vocabulary Development 
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Lexical development for children learning English follows a predictable 
and universal sequence as outlined in Table 1 (adapted from Gillam, Marquardt, 
& Martin, 2010). Individual differences in the rate of word learning, however, are 
well documented in language research (e.g., Penson, Dale, Reznick, et al., 1994; 
Huttenlocher et al., 1991; Pan et al., 2005; Reznick & Goldfield, 1992). 
First Words. Long before their first words are spoken, infants 
communicate with parents and caregivers using pre-linguistic vocalizations 
including cooing (i.e., vowel sounds) and babbling (i.e., consonant and vowel 
sounds). Although early vocalizations are reflexive, by 6 months, infants begin 
to produce sounds intentionally as they participate in social interactions with 
parents and caregivers (Schickedanz et al., 1998). 
Table 1 
Language milestones from birth to kindergarten. 
Language Accomplishment 
Receptive language 
Simple words in context 
Word meanings 
Simple commands 
Pre-linguistic vocalizations 
Example 
mommy, daddy, blanket 
book, blankie, doggie 
Sit down 
Age (range) of 
first appearance 
6 to 8 months 
6 to 13 months 
12 to 18 months 
Cooing, gurgles, and laughter ah-ah 2 to 5 months 
Reduplicative babbling da-da-da 7 to 10 months 
Non-reduplicative babbling mam, ama 7 to 10 months 
Variegated babbling ba-de-da-doo 11 to 13 months 
Expressive language 
First words mama, dada 10 to 14 months 
One word utterances no, up, mine, doggie 12 to 24 months 
Two word utterances Momma car. Where doggie? 16 to 30 months 
Multi-word utterances I kiss momma. That my ball! 28 to 36 months 
Complete sentences I go swing outside. 36 to 48 months 
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Evidence suggests that intentional communication is associated with later 
language development (Laaskos, Poikkeus, Katajamaki & Lyytinen, 1999; Stoel-
Gammon, 2011) and, thus, is considered important in language development 
(Harding & Golinkoff, 1979; Piaget, 1954). In her review of lexical development, 
Stoel-Gammon observed that higher amounts of early vocalizations were 
consistently related to superior language performance: 
The links between babble and speech have been interpreted as evidence 
that infants who produce a greater number of pre-linguistic vocalizations, 
particularly a greater number of canonical utterances with a variety of 
consonants and vowels, have acquired a greater inventory of 'building 
blocks' that can be recruited for the production of words (p. 6). 
In another study, Laaskos et al. (1999) found that parent ratings of their 14-
month-old's use of communicative gestures (e.g., waving bye-bye), game playing 
(e.g., peek-a-boo) and actions with objects (e.g., combing hair) predicted 
receptive language at 18 months, and expressive language at 24 months. 
Receptive language. Although a preponderance of evidence has 
established that young children demonstrate their understanding of words 
before they begin to speak, determining when word comprehension develops 
has been the subject of considerable debate. Some researchers claim that young 
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children begin to understand the meanings of words around nine months 
(Penson, Dale, Resnick et al., 1994), although infants appear to comprehend 
simple, concrete words, in context (e.g., "mommy" or ·"daddy"), as early as six 
months (Bergelson & Swingley, 2012; Tincoff & Jusczyk, 1999), and more abstract 
ones not until about 10 months (Bergelson & Swingley, 2013). 
Parents often report that word comprehension is evident between seven 
and eight months (see Swingley, 2009 for a review). In contrast, laboratory 
studies, though few in number, suggest word comprehension begins later, at 
approximately 12 months (Arias-Trejo & Plunkett 2009). Receptive vocabulary 
increases regularly with age (Penson et al., 1994). For example, using measures 
based on parental report, children understand an average of 50 words by 11 
months and 169 words by 16 months, although considerable variability is 
evident: 
At 10 months ... the lowest scoring 10% of the children are reported to 
understand 11 or fewer words and the highest scoring 10% 154 or more 
words; by 16 months, the span has increased from 92 words at the 10th 
percentile to 321 words at the 90th (p. 36). 
Young children are sensitive to words they hear repeatedly (Bloom, 2002; 
Jusczyk & Bohne, 1997; Swingley, 2005, 2009). For example, Jusczyk and Bohne 
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demonstrated that infants preferred sophisticated words from stories read 
repeatedly (e.g., jungle, python) over words not in the stories (e.g., camel, 
lantern). By 11 to 12 months, children also listen longer to actual words 
compared to nonsense words (e.g., sunny-summy) (Vihman et al., 2004; see 
Swingley 2009 for a review) and can recognize familiar words even when partial 
phonemic information (Fernald, Swingley, & Pinto, 2001) or a mispronunciation 
is presented (i.e., vaby for baby; Swingley and Aslin, 2000, 2007). The detection 
of mispronunciations is discussed further in a later section. 
Expressive language. Children usually speak a first recognizable word 
around their first birthday. These early words are remarkably similar to 
babbling patterns (e.g., mama, dada); however, they are considered words when 
children associate a series of sounds with its referent (Stoel-Gammon, 2011, p. 5). 
Young toddlers add words to their expressive vocabularies slowly and with 
considerable effort (.3 words per day; Penson et al., 1994). However, once a 
vocabulary size of 50 words is achieved, at approximately 18 months, an increase 
in the rate of expressive word learning is often observed (.8 words per day). This 
increase is referred to by some researchers as the "vocabulary spurt" or "naming 
explosion" (e.g., Bloom, 2002). Word learning continues to accelerate over the 
toddler year (i.e., 23 to 30 months) and during the preschool and early 
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elementary years (i.e., 1.6, 3.26, and 9.38 words per day, respectively; Anglin et 
al., 1993). A typically developing two-year..:old can produce an average of 250 to 
350 words. This number increases to approximately 500 words by 30 months 
and to 2,500 to 3,000 by 48 months. 
In addition to learning individual words, children between 18 and 20 
months of age learn to combine two or three words. This "telegraphic speech" 
lacks inflectional endings (e.g., "Daddy car" instead of "Daddy's car") and 
function words (e.g., "Give me ball" instead of "Give me a ball"). Basic 
inflections and function words begin to appear around age two and are typically 
mastered by age three (Fenson et al., 1994). 
Just as with the development of receptive vocabulary, the development of 
expressive vocabulary also depends on word frequency. For example, 
Huttenlocher, Haight, Bryk, Seltzer, and Lyons (1991) demonstrated that the 
uptake of a novel word from 16 to 24 months was strongly correlated with the 
mother's use of it. Because English-speaking parents and caregivers are more 
likely to label objects than actions, nouns account for as much as 40% of the 
words in a child's lexicon when her vocabulary size is between 50 to 600 words 
(i.e., noun bias; Bates & Goodman, 1994; Bates, Marchman, Thai et al., 1994; Stoel-
Gammon, 2011). 
By the age of three, children begin to learn new words with few, 
incidental exposures, a process called "fast mapping" (Carey, 1978). Word 
learning can even occur when an object is not labeled explicitly (Bloom, 2002; 
Carey and Bartlett, 1978). Fast mapping provides only surface-level (i.e., 
receptive and expressive) understanding (Carey & Bartlett, 1978), which is not 
enough information for children to make inferences about the word (Deak & 
Wagner, 2003). More complete knowledge (i.e., expressive- and definitional-
level) is acquired through slow (i.e., extended) mapping (Carey, 2010). During 
extended mapping, a child "must hold a fragile new representation in lexical 
memory, distinguish it from many other fragile representations, continue to 
hypothesize about the meaning of the word, and update the representation as a 
result of those hypotheses" (McGregor et al., 2002, p. 332). Thus, it takes time 
and repeated exposure to a word for a child to develop a more complete 
semantic representation of a word and to understand how it is related to other 
words in the lexicon. 
Sources of Variability in Oral Vocabulary 
In the early years, vocabulary knowledge varies widely among children 
(Anglin et al., 1993; Penson et al., 1994). This variability is related to both home 
and child factors (e.g., Beals & Tabors, 1993; Dickinson & Tabors, 2000; Hart & 
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Risley, 1995; Huttenlocher et al., 1991; Hoff, 2006; Hoff & Naigles, 2002; Pan et al., 
2005; Rowe, 2010; Weizman & Snow, 2001; Wells, 1985). Differences in early 
language competence, which are difficult to ameliorate (Farkas & Beron, 2004; 
Hart & Risley, 1994), can have significant, long-term consequences, particularly 
for later reading comprehension (e.g., Cunningham & Stanovich, 1997; NICHD 
ECCRN, 2005; Storch & Whitehurst, 2002). 
Home-related factors. Until children learn to read and begin to acquire 
word meanings from that endeavor (Anderson et al., 1988), home-related factors, 
such as the frequency and complexity of the parent's child-directed speech 
enable them to acquire vocabulary knowledge in familiar, social contexts. 
Variation in input is a major contributor to the differences found in the 
vocabulary knowledge of young children (e.g. Beals & Tabors, 1993; Dickinson & 
Tabors, 2000; Hart & Risley, 1995; Huttenlocher et al., 1991; Hoff & Naigles, 2002; 
Weizman & Snow, 2001; Wells, 1985). Studies of early language development 
have operationalized the frequency of input in a number of ways, including 
sheer quantity of language exposure (e.g., Hart & Risley, 1995), number of word 
tokens (e.g., Hoff, 2003), and maternal talkativeness (e.g., Huttenlocher et al., 
1991). Complexity has been operationalized as quality of talk (e.g., Hart and 
Risley, 1995), lexical diversity (e.g., Pan et al., 2005), number of word types (e.g., 
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Hof( 2003), and grammatical complexity (Hoff, 2006). 
In their landmark, three-year, longitudinal study of 42 children followed 
from 10 months to 3 years, Hart and Risley (1995) found that children living in 
homes with professional parents heard approximately 32 million more words 
than children living in families receiving welfare support. Children from the 
higher SES homes had significantly larger vocabularies at age three (M=1,116 
words), compared to their less affluent peers (M= 525 words). Additionally, the 
qualitative differences in the ways that the two different groups of parents spoke 
to their children were reflected in the language the children used. For example, 
children from professional families heard more complex sentences and a more 
diverse vocabulary, and fewer, simple commands, compared to children from 
low-income families. As a result, qualitative differences (i.e., the use of diverse 
vocabulary and more complex sentences) were evident in the ways this group of 
children spoke, compared to their lower income peers. A follow up assessment 
of the children from this study at age nine indicated that these early differences 
persisted into middle childhood. 
Hoff (2006) also found effects of adult input in her home-based study of 61 
mother-toddler dyads (ages 18 to 29 months) observed two times, ten weeks 
apart, and recorded interaction during morning mealtime, dressing for the day, 
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and mother-child toy play. The toddlers of mothers who talked more, used more 
word types, and used more complex utterances demonstrated greater increases 
in vocabulary than toddlers whose mothers talked less frequently and in less 
complex utterances. 
Pan, Rowe, Singer, and Snow (2005) also found that maternal factors (e.g., 
talkativeness, lexical diversity, vocabulary, and literacy knowledge, depression 
rates, and pointing gestures) predicted vocabulary growth in children from low-
income homes from 1- to 3-years of age. By 36 months, however, the advantage 
of maternal talkativeness diminished and lexical diversity in the mothers' 
language was a better predictor of vocabulary growth from 14- to 36 months. 
Consistent with previous studies, maternal vocabulary (e.g., Hart & Risley, 1995), 
literacy knowledge (e.g., Wells, 1985), and the frequency of pointing gestures 
(Beitchman et al., 2008) also predicted variability in growth. 
Huttenlocher, Haight, Bryk, Seltzer, and Lyons (1991) also used growth 
curve modeling to examine which maternal factors were related to vocabulary 
growth in a middle-SES sample of toddlers (i.e., ages 16-24 months). Consistent 
with the findings from Pan et al., lexical diversity was related the children's 
vocabulary knowledge. One notable difference in their findings, compared to 
Pan and colleagues', however, was that the effect of maternal talkativeness did 
not diminish over time. That is, in addition to lexical diversity, maternal 
talkativeness remained a strong and consistent predictor of vocabulary growth. 
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In order to better understand the role of frequency and complexity of 
child-directed speech, Rowe (2012) examined the parental input in 50 parent-
child dyads at 18, 30, and 42 months. The results indicated not only that the type 
of input mattered, but also that its timing was important. Specifically, parent's 
use of sophisticated vocabulary at age two, decontextualized language at age 
three, and explanatory talk at age four was related to children's receptive 
vocabulary development a year later (i.e., 30, 42, and 54 months). Rowe 
concluded that "input is not the whole story ... the more fine-grained aspects of 
input matter, but they are dependent on the children's age or language ability" 
(p. 1771). 
Another, home-related factor that is related to differences in vocabulary 
knowledge is the opportunity to engage in extended discourse with a competent 
language partner. Extended discourse opportunities are conversations, co-
constructed by the child and caregiver over multiple conversational exchanges 
(Beals, 1997; Dickinson & Tabors, 2001). Although conversational opportunities 
could be considered a component of child-directed speech, they are somewhat 
different because the child has an opportunity to use language (Bond & Wasik, 
2009; Dickinson et al, 2003). Moreover, parents often scaffold children's 
participation in these conversations by extending and elaborating children's 
utterances, through questioning and prompting (Dickinson, 2001; Katz, 2001; 
Vygotsky, 1978; Tabors, Beals, & Weizman, 2001; Wells, 1985). Without these 
conversations, children do not have the opportunity to receive and make use of 
meaningful feedback from a more competent language partner. 
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During extended discourse, parents and caregivers also provide semantic 
support for sophisticated words by incorporating or "tucking in" definitions, 
synonyms, or important background knowledge (e.g., Beals, 1997; Dickinson & 
Tabors, 2001; Wells, 1985). For example, Beals found that talk during mealtimes 
supported word learning because "children heard conversation that drew on 
their prior knowledge, pointed to the physical and social context, and provided 
verbal semantic information" (p. 690). 
The frequency of shared reading events at home is also related to 
children's vocabulary development (e.g., Bus, van IJzendoorn, & Pellegrini, 1995; 
Hood, Conlon, & Andrews, 2008; Raikes, Pan, Luze et al., 2006; Scarborough, 
Dobrich, & Hagar, 1991; Senechal & LeFevre, 2002; Wells, 1985). Providing 
semantic support or explaining word meanings during book reading increases 
word learning from books that children hear read aloud, above the level 
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acquired from hearing books read without word meaning support (Collins, 
2009; Elley, 1989; Wasik & Bond, & Hindman, 2006; Senechal, Thomas, & 
Monker, 1995). Children with larger, initial vocabularies learn more words from 
shared book experiences than do children with lower initial vocabularies (Reese 
& Cox, 1999; Robbins & Ehri, 1994). Re-reading high-interest, language-rich texts 
(Elley, 1989) and sharing informational books, in addition to narratives, also 
provides opportunities for children to hear new vocabulary and engage in 
conversations about the book (Dickinson & Tabors, 2001; Pellegrini et al., 1995; 
Price et al., 2009). 
Interventions that include storybook reading have shown some promise in 
facilitating vocabulary acquisition in younger preschoolers (Fletcher, Cross, 
Tanney, Schnieder, &Finch, 2008; Hargrave & Senechal, 2000; Swanson, Vaughn, 
Wanzek et al., 2011; Whitehurst et al., 1994). For example, building on the 
effectiveness of early dialogic reading studies (Whitehurst et al., 1988), 
Whitehurst and colleagues (1994) designed a six-week intervention for 3-year-
olds in Head Start. The participants were assigned to one of three conditions; (1) 
dialogic reading at home and daycare; (2) dialogic reading at daycare only; and 
(3) a control condition (playgroup). Both the day care and the playgroup had a 
5:1 child-adult ratio. Six months later, the children in both dialogic reading 
groups (1 and 2) outperformed the children in the playgroup on measures of 
expressive vocabulary. Children who received dialogic reading, both at home 
and at daycare, had higher scores than the daycare only group. These results 
remained six months after the completion of the intervention. 
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Child-specific factors. A child's vocabulary size is a child-specific factor 
related to differences in vocabulary knowledge in early childhood. Gaps 
between children with higher and lower levels of initial vocabulary knowledge 
widen over time (e.g., Farkas & Beron, 2004; Hart & Risley, 1995) and are 
particularly difficult to ameliorate because the same, less than optimal, home 
environment remains throughout childhood (see previous section); and, because 
children with larger vocabularies learn new words from story reading at a faster 
rate than children with smaller initial vocabularies to start (Robbins & Ehri, 1994; 
Senechal, Thomas & Manker, 1995). 
Children's grammatical skill is also related to vocabulary knowledge. 
Strong correlations between grammatical skill and vocabulary size during the 
early phases of language acquisition suggest that grammatical skill (i.e., 
syntactical knowledge) and vocabulary develop synchronously and are mutually 
supportive (Dionne et al., 2003; Dixon & Marchman, 2007; see also Harris, 
Golinkoff, Hirsh-Pasek, 2011 for reviews). Specifically, grammatical skill 
bootstraps word learning because the linguistic context in which words appear 
provides meaning clues (Christophe, Millotte, Severine, et al., 2008; Dixon & 
Marchman, 2007). 
Phonological Development 
To fully understand and produce a word, a child must develop both 
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semantic and phonological representations of it. In the previous section, 
children's acquisition of semantic representations was discussed: In this section, 
an overview of how children develop phonological representations and the 
developmental theory of phonological awareness are presented. In the final 
section, the theory of lexical reorganization is presented. 
Phonological development during infancy and toddlerhood. Infants are born 
with a predisposition to acquire human speech; that is, neonates are sensitive to 
phonemic contrasts in any language (Vouloumanos & Werker, 2004). This 
language-universal ability enables an infant to discriminate between phoneme 
categories, such as /p/ and /b/ (Eimas, 1985; Eimas et al., 1971). By six months, 
sensitivity shifts from language-universal to language-specific, as a consequence 
of native language exposure. Studies that have traced this shift in perceptual 
abilities found that, by the end of their first year, infants' perceptual abilities are 
finely tuned to the sounds of their native language (e.g., Best, 1991; Eirnas, 1985; 
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Rivera-Gaxiola, Silva-Pereyra, & Kuhl, 2005; Werker & Tees, 1984). 
In addition to the capacity to discriminate sounds, and a narrowing of this 
to the native language, the infant's speech perception capacity also allows 
segmentation of the speech stream heard into meaningful units, such as words or 
phrases, before she can understand words (Liberman, Shankweiler, & Liberman, 
1989). It is mostly continuous speech, not isolated words, that is directed toward 
the child (Jusczyk & Aslin, 1995). Several phonological (i.e., sub-lexical) factors 
are thought to support speech segmentation. These include phonotactics, 
prosodic phrasing (Mattys & Jusczyk, 2001; see Swingley, 2009 for a review), and 
word familiarity. 
Phonotactics refers to the structure and order of sound sequences within 
syllables. Because some sound sequences occur frequently (i.e., legal and likely), 
whereas others occur rarely if ever (i.e., illegal or unlikely), there are different 
phonotactic probabilities for whether a particular sequence of phonemes will 
precede or follow another (Mattys, & Jusczyk, 2001; Vitevitch, Luce, Charles-
Luce, & Kemmerer, 1997). Infants use this information to support segmentation 
of the speech stream/word boundaries (i.e., the end of one word and the 
beginning of another). Studies show that 9-month-olds recognize high-
probability, phonotactic sequences faster, and listen to them longer than they 
listen to sequences that are low-probability (Chambers, Onishi, & Fisher, 2002; 
Friederici & Wessels, 1993; Mattys & Jusczyk, 2001; Vitevitch, Luce, Pisoni, & 
Auer, 1999). By 17 months of age, children can generalize phonotactic 
regularities to novel syllables (Chambers, Onishi, & Fisher, 2002). 
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Children also use prosodic information to segment speech. For example, 
Gout, Christophe, and Morgan (2004) trained 10- and 13--month-olds to turn 
their heads when either a one- or two-syllable target word was heard (e.g., pay or 
paper, respectively). After the training, the target was presented in two 
conditions, one with a prosodic break (e.g., The butler with the highest pay performs 
the most) and a second without a prosodic break (e.g., The best paper receives the 
highest grade). Children trained on the two-syllable word turned more frequently 
under the second (i.e., unbroken) condition. Children trained on the one-syllable 
target turned more frequently under the first condition. However, this result did 
not achieve statistical significance in the 10-month-olds. 
Word familiarity also supports speech segmentation (Jusczyk & Aslin, 
1995; Vihman, Nakai, DePaolis, & Halle, 2004). For example, the likelihood that 
a child will segment a target word from continuous speech increases when 
preceded by her name or another frequently heard word (e.g., the) {see Werker & 
Curtin, 2005, for a review). By eight months, longer listening times are observed 
for familiar targets (e.g., cups or feet), but not when the targets are 
mispronounced intentionally (e.g., tups and zeet vs. cups and feet) (Jusczyk & 
Aslin, 1995). 
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In addition to detecting word boundaries in continuous speech, young 
infants can detect phonological differences in words. For example, using a 
"habituation switch" method, Stager and Werker (1997) familiarized infants to 
one of the novel words in two word-object pairings (e.g., bih/dih and lif/neem). 
When the words were presented in isolation, the 8-month-olds successfully 
detected the switch for both words pairs. The 14-month-olds, however, detected 
the switch for the dissimilar word pair only (i.e., lif/neem), even though they 
could successfully detect the differences between /b/ and /d/. These results led 
the researchers to suggest that 14-month- olds fail to attend to fine-grained 
differences in words when learning new words. 
Fennell and Waxman (2010) obtained a different result when they used 
the same word pairs (e.g., bih/dih) and switch trials, but made the referential 
status of the words clear by embedding them in meaningful phrases, rather than 
presenting them in isolation. As a result, the 14-month-olds successfully 
detected the switch, indicating that they could attend to the fine-grained 
phonological differences during word-learning tasks. Other studies have 
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indicated that 14-month-olds can detect differences in the phonological detail of 
familiar words (e.g., doll and ball; Swingley, 2005) or between a familiar word 
and its mispronunciation (e.g., baby and vaby; Swingley & Aslin, 2000; Swingley, 
2007). 
The research reviewed thus far suggests that advances in infants and 
toddlers advance in phonological development as they begin to segment 
continuous speech, and can detect fine-grained differences between familiar 
words and their mispronunciations. Gombert (1992) stresses the unconscious 
nature of these early phonological abilities by categorizing them as epilinguistic. 
In contrast, the more reflective or intentional (i.e., conscious) phonological 
awareness skill that develops beginning in the preschool years is categorized as 
meta-linguistic know ledge 
Phonological awareness development in preschool and kindergarten. 
Phonological awareness is a multi-level skill that involves the segmentation of 
words into increasingly smaller linguistic units (i.e., from syllabic to sub-syllabic 
units) (Anthony et al., 2003; Bryant & Bradley, 1989; Liberman, Shankweiler, 
Fischer & Carter, 1974; Treiman & Zukowski, 1996). Although development 
follows an overlapping sequence with the development of one level emerging 
before the previous level is mastered (Anthony et al., 2003), young children 
typically acquire syllable-level skills before onset-rime level skills, and onset-
rime-level skills before phoneme-level skills. 
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Phonemic (i.e., phoneme-level) awareness is considered the most complex 
type of phonological awareness because it requires the manipulation of the 
smallest linguistic unit. Phonemic awareness is also a cognitive challenge 
because phonemes are abstract. That is, unlike syllable and onset-rime units, 
which are distinct (i.e., acoustically) in speech (Treiman, 1985), phonemes may be 
co-articulated- that is, folded into each other as words are spoken (Liberman et 
al., 1967). As a result, words cannot be segmented easily into individual 
phonemes because phonemes are not physical realities. 
The developmental conceptualization of phonological awareness is 
supported by studies that not only examine differences in performance related to 
the unit of linguistic analysis, but also the age/grade of the participants (e.g., 
Liberman, Shankweiler, Fisher, & Carter, 1974; Lonigan, Burgess, Anthony, 
&Barker; 1998; Treiman & Zukowski, 1996). For example, Liberman and 
colleagues divided preschool (n=46), kindergarten (n=49), and first-grade 
children (n=40) into two groups. When children in each group were asked to tap 
out the number syllables in a word, 46% of preschoolers, 48% of kindergarteners, 
and 90% of the first graders reached criterion on the task. In contrast, none of the 
preschoolers achieved criterion on the phoneme task, while 17% of the 
kindergarteners and 70% of the first graders did. The average number of trials 
required for kindergarteners and first graders to reach criterion was also lower 
for the syllable task (i.e., 12, and 10, kindergarten and first grade, respectively) 
than the phoneme task (i.e., 26), which indicated that syllable awareness was 
more firmly under their control. 
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Treiman and Zukowski (1991) added an onset-rime level task to their 
study of segmentation ability in preschoolers, kindergarteners, and first graders 
(N=48, 56, and 57 respectively). Consistent with other studies, they found the 
best performance on the syllable tasks (i.e., 50% of preschoolers, 42% of 
kindergarteners, and 59% of first graders reached criterion without error). On 
the onset-rime task, only 19% of preschoolers reached criterion without error. 
On the phoneme level task, only 13% of the preschoolers reached criterion 
without error. In contrast, 26% of kindergarteners and 61% of first graders 
reached criterion on the onset-rime level task, whereas 17% of kindergarteners 
and 42% of first graders reached criterion on the phoneme level task. These 
results suggested that onset-rime awareness is an intermediate level of 
awareness between syllable- and phoneme-level awareness. 
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To better understand the role of age in phonological awareness 
development, Lonigan et al. (1998) administered a series of rhyming, alliteration, 
blending, and elision tasks to 356 middle and lower income 2- to 5-year-olds. 
Consistent with the results of previous studies (e.g., Liberman et al., 1974, 
Treiman & Zukowski, 1996), the older children (i.e., 4- and 5-year-olds) 
outperformed the younger children (i.e., 2- and 3-year-olds) on all measures. 
Moreover, accelerated growth in P A was observed for the older children. 
Despite these positive age-related trends, the researchers noted that a "moderate 
percentage" of 2- and 3-year-olds completed some of the syllable- and phoneme-
level blending and elision tasks accurately. Thus, although there are age-related 
trends for phonological awareness development, it does not develop simply as a 
function of age. 
Sources of Variability in Phonological Awareness 
In addition to age, several other factors are related to variations in 
phonological awareness development. These are categorized as home- and 
child-related. School-related factors (i.e., targeted instruction or intervention) 
can also support the development of phonological awareness. (This information 
was already summarized in a previous section.) 
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Home-related factors. Children from low-income backgrounds and/or 
with parents having fewer years of education often demonstrate lower levels of 
skill compared to peers from higher SES families and/or more highly educated 
parents (Bowey, 1995; Lanigan, 2004; McDowell, Lanigan, & Goldstein, 2007; 
Philips, Clancy-Manchetti, & Lanigan, 2008), even after controlling for IQ and 
verbal ability (Bowey, 1995). For example, McDowell, Lanigan, and Goldstein 
(2007) found that SES, as well as speech sound accuracy and vocabulary skill, 
independently predicted phonological awareness in economically diverse 2- to 5-
year-olds (N=700). The interaction between age and SES was also significant. 
Thus, the role of SES was likely modified by age. In other words, as they got 
older, children from homes characterized as low SES typically make less progress 
in phonological awareness compared to their economically advantaged peers. 
Child related factors. Variability in phonological awareness growth is 
also linked to the level of skill children have upon school entry because 
phonological awareness is highly stable beginning in the late preschool years 
(Arams, 2005; McBride-Chang, Wagner, & Chang, 1997). That is, its trajectory 
can be difficult to change. For example, Lanigan, Burgess, and Anthony (2000) 
followed one group of preschoolers, from early to late preschool (n=96), and a 
second group from late preschool to kindergarten or first grade (n=97). Measures 
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of phonological awareness, alphabet and print knowledge, and phoneme 
awareness were administered at two testing points. In the younger group, initial 
performance in phonological awareness and oral vocabulary predicted 
phonological awareness at Time 2. Similarly, in the older group, initial 
performance in both oral vocabulary and phonological awareness predicted 
subsequent skill levels of phonological awareness. In fact, for the older 
preschoolers, Time 1 phonological awareness predicted Time 2 performance with 
an unexpected R2= 1, providing compelling evidence of developmental 
continuity. McBride-Chang, Wagner, and Chang (1997) also found initial 
phonological awareness performance, as measured by phoneme elision, 
blending, and isolation tasks, was moderately correlated to growth in 
phonological awareness (r=.51). Using growth-modeling techniques, the 
researchers found that, in one year, children who began kindergarten with 
higher levels of phonological awareness made greater gains at higher rates than 
those who entered kindergarten with lower levels. 
Children's alphabet knowledge is also related to the development of 
phonological awareness (Bowey, 1994; Stahl & Murray, 1994; Wagner, Torgesen, 
& Rashotte, 1994). For example, Burgess and Lanigan (1998) found that 
phonological awareness and alphabet knowledge were reciprocally related in 
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middle-income 4- and 5-year-olds. That is, higher levels of performance in one 
skill were related with higher levels of skill in the other. In another study, Stahl 
and Murray (1994) found that most of their kindergarten-aged participants could 
(a) identify alphabet letters and split words at the onset or, (b) could not complete 
either task successfully. A small number of children were able to identify letters 
only, which indicated that alphabet knowledge may be necessary, but is not 
sufficient, to achieve higher levels of phonological awareness. 
The quality of a child's lexical representations also seems to be related to 
the development of phonological awareness (e.g., Elbro 1996; Elbro et al., 1998; 
McDowell et al., 2007). According to Elbro and colleagues' phonologically 
distinct hypothesis, phonological representations must be fully and accurately 
specified in the lexicon if children are to manipulate them at the phoneme level. 
For example, the representation of the word crocodile inaccurately as "crocadikle" 
would likely prevent a child from accurately manipulating this word at the 
phoneme or syllable level. Studies that include measures of articulation accuracy 
lend support to the phonologically distinct hypothesis. Thus, speech sound 
accuracy (i.e., articulation) knowledge also predicts unique variance in 
phonological awareness in preschool aged children (McDowell et al., 2007; 
Schwartz, Burnham, & Bowey, 2006). 
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Lastly, a child's vocabulary knowledge contributes to individual 
differences in phonological awareness (Metsala, 1999; Metsala & Walley, 1998; 
Walley, 1993). Metsala and Walley's theory of lexical organization (LRT) 
attributes individual differences in phonological awareness to differences in 
vocabulary development (i.e., size). In the following section, an overview of the 
theory of lexical reorganization is presented first, and then followed by a 
discussion of the empirical evidence both in support of, and contrary to, it. 
The Theory of Lexical Reorganization 
The theory of lexical reorganization attributes the origins and protracted 
development of phonological awareness to increases in vocabulary size (Fowler, 
1991; Metsala, 1999; Metsala & Walley, 1998, Walley, 1993). According to the 
LRT, the degree of segmental detail in the storage of phonological information 
for words in a child's lexicon is related to bothchild (i.e., vocabulary size) and 
lexical (i.e., neighborhood density, age of acquisition, frequency) factors. When 
vocabulary is small, words are stored as wholes-with no segmental detail. 
Because in a small vocabulary there typically are few sound similarities among 
words, they can be recognized holistically by their overall acoustic shape 
(Walley, 1993). As vocabulary size increases, however, more and more words 
begin to overlap in their phonology, which increases the density of their 
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associated phonological neighborhoods. Words that are members of dense 
phonological neighborhoods must be re-stored differently than in their original, 
holistic storage form-this time segmentally. This lexical reorganization allows 
each word in a dense phonological neighborhood to become differentiated from 
all of its neighbors (Metsala, 2011; Metsala & Walley, 1998; Walley, 1993). To 
accommodate this new demand, the LRT claims that holistic, phonological 
representations are progressively reorganized with more phonemic detail. That 
is, although segmental storage at the onset-rime level may be sufficient to 
distinguish between phonologically similar words, early on, when only a few are 
known (e.g., cat and Matt), as more and more words that overlap in phonology 
are added to the lexicon, a more fine grained (i.e., phoneme-level) unit of 
analysis will be required to avoid confusing one, phonologically similar, word 
with others (e.g., cat, cap, cup, Matt, map, mop). 
Empirical Support For and Against the Lexical Reorganization Theory 
Metsala (2011) suggests that evidence supporting the lexical 
reorganization theory should demonstrate the following: 
(1) The size of the listener's vocabulary should be related to, and play a 
causal role in, phonological awareness development; (2) the ease of 
phonological analysis for individual words should be related to properties 
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proposed to drive segmental reorganization; and (3) individual 
differences in spoken word recognition should be related to phonological 
awareness (p. 67). 
In the sections that follow, evidence supporting each of Metsala's claims is 
presented. Contradictory evidence and remaining questions are also presented. 
Relations between phonological awareness and vocabulary. To date, 
only two small studies have offered causal evidence of a link between 
phonological awareness and vocabulary knowledge (Lonigan, 2007, see also 
Lonigan, 2006). In one of these studies, Lonigan conducted a reanalysis of data 
from an intervention study (Lonigan et al., 2003). As part of the larger, original 
study, 286 preschoolers (mean age 53.8 months; SD=5.66), categorized as at-risk 
for reading difficulties based on low receptive vocabulary scores (mean PPVT-R 
score= 76.9; SD 15.75), received 15 minutes of daily, small group instruction in 
either vocabulary or phonological awareness, for one year. As expected, 
participants in both intervention groups made more progress on the respective 
focus in their experimental group, compared to the non-participating controls. 
Surprisingly, however, a significant "crossover effect" was found in the 
vocabulary intervention group on the children's phonological awareness F (1, 
284) = 4.31 p = .04, whereas participation in the phonological awareness 
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intervention, had no effect on the children's vocabulary performance. According 
to the researcher: 
The results of the reanalysis are supportive of the hypothesis that 
vocabulary development is causal in the development of phonological 
awareness .... This study is one of the first studies of preschool children to 
identify a potentially causal factor not involving direct training of the skill 
in the development of phonological awareness. (Lanigan, 2007, p. 27) 
A crossover effect also may have occurred in a study of 18, at-risk 3- and 
4-year-olds (Justice, et al., 2003) attending an urban preschool serving low-
income households and/or children with developmental disabilities. The 
majority of the children (n=12) also demonstrated receptive and/or expressive 
language impairments. Emergent literacy (i.e., alphabet knowledge, name 
writing, print awareness) and phonological awareness (i.e., segmentation and 
rhyme production) were assessed pre- and post-intervention. Oral language (i.e., 
PLS-3; Zimmerman, Steiner, & Pond, 1992) was assessed only at the beginning of 
the study. After 6 weeks of the 30-minutes bi-weekly intervention sessions, the 
children in the explicit intervention group demonstrated significant growth on 
all of the emergent literacy measures whereas the children in the story reading 
group (i.e., control group) did not. Interestingly, however, the children in the 
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story-reading group showed significant growth in phonological segmentation, 
even though explicit instruction was not provided. This result suggests that 
story reading probably attributed to the children's vocabulary growth, which, in 
tum, might have contributed to phonological segmentation skill. 
Although evidence of causality is limited to just one study (i.e., Lonigan, 
2007), many other studies have found correlations between phonological 
awareness and vocabulary (Catts et al., 1999; Crain-Thoreson & Dale, 1992; 
Dickinson et al., 2003; Lonigan et al., 2000; Metsala, 1999; NICHD ECCRN, 2005; 
Senechal & LeFevre, 2002; Senechal, Ouellette, & Rodney, 2006; Schwarz & 
Burnham, 2006; Schwarz, Burnham, & Bowey, 2006; Silven, Niemi, & Voeten, 
2002; Spira, Bracken & Fischel, 2005; Storch & Whitehurst, 2002). Metsala (2011) 
claims that the results of these studies are consistent with the LRT. 
Studies of toddlers and preschool-age children have consistently 
identified a predictive, concurrent, or commensurate relationship between 
phonological development (i.e., phonological awareness, speech sound 
accuracy/articulation, or speech perception) and receptive and/or expressive 
vocabulary size in early childhood. For example, in a study that included 700, 
economically diverse 2- through 5-year-olds, McDowell and colleagues found 
that vocabulary knowledge (i.e., receptive and expressive, combined) accounted 
67 
for 1% of unique variance in phonological awareness after all of the predictors 
(i.e., vocabulary, age, speech sound accuracy) and their interactions (i.e., age x 
speech sound accuracy and age x SES) were entered into the model. A reanalysis 
of the data from Senechal (2004, as cited in Senechal et al., 2006) indicated that 
kindergarteners' receptive vocabulary accounted for 4% of the variance in 
phonological awareness in kindergarten and 8% of the variance in the first grade. 
In addition, children in this study with larger vocabularies made greater gains in 
phonological awareness compared to those with smaller vocabularies 
Schwartz and Burnham (2006) and Schwartz, Burnham, and Bowey (2006) 
assessed 30- to 36-month-olds in receptive and expressive vocabulary, phoneme 
sensitivity, and articulation, using measures adapted for toddlers. The purpose 
was to directly test the theory of lexical reorganization and chart the toddlers' 
language development. There were three main findings in the Schwartz and 
Burnham study. First, performance on all measures increased linearly from 30-
to 36 months. Second, phoneme sensitivity and vocabulary were strongly 
correlated across all ages, indicating a strong and stable relationship from 30- to 
36 months. Third, vocabulary size significantly predicted phoneme sensitivity at 
30, 33, and 36 months. Moreover, the strength of the prediction increased with 
age, suggesting that, "how well children listen to fine-grained detail in spoken 
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words, depends on how many words they already know" (p. 4). 
Torppa, Lyytinen, Erskine, and colleagues (2010), as well as Crain-
Thoreson and Dale (1992), also identified relations between early lexical and later 
phonological knowledge in different populations of young children. Specifically, 
Torppa and colleagues found that for Finnish children categorized 
dichotomously as either at-risk for dyslexia or as typically developing, receptive 
language, including receptive vocabulary at age two, predicted phonological 
awareness/sensitivity at age 3 years and 6 months, whereas expressive language, 
including expressive vocabulary, emerged as a predictor of phonological 
awareness/sensitivity at age five. 
Relationships between lexical and phonological development have been 
also identified in studies of children with particularly high or low levels of 
vocabulary. These data support the LRT. For example, Smith and colleagues 
(2004) compared language samples from a group of verbally precocious 24-
month-olds to those of typically developing 30-month-olds with similar levels of 
vocabulary (i.e., vocabulary-mates) and typically developing 24-month-olds (age-
mates). Comparisons on measures of phonological ability (e.g., articulation 
accuracy) indicated that the verbally precocious children performed similarly to 
their vocabulary-mates, not to age-mates. Studies of toddlers with expressive 
69 
language delays (i.e., late talkers) have found poorer phonological abilities 
compared to their typically developing age-mates (e.g., Paul & Jennings, 1992; 
Rescorla & Ratner, 1996). Paul and Jennings noted that, while phonological 
abilities of late-talkers were not deviant, they were similar to those of younger 
children. Simply put, they followed the same sequence of phonological 
development, but at a slower rate than found for their typically developing age-
mates. 
Relations between types of vocabulary and phonological awareness. 
Several studies have attempted to determine whether different types or forms of 
vocabulary knowledge are associated differently with phonological processing 
(including phonological awareness). For example, both Chiappe et al. (2004) and 
Wise et al. (2007) examined vocabulary knowledge, phonological awareness, 
speech perception, and reading skill (i.e., decoding and comprehension) in 
readers categorized as either good or poor. Whereas Chiappe's results indicated 
that expressive vocabulary was more strongly associated than receptive 
vocabulary with differences in reading and reading-related skills, Wise et al.' s 
results suggested the reverse. Differences in these studies' results may be 
attributed to the different ways in which expressive vocabulary was 
operationalized and measured in the two studies. Chiappe et al. required 
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children to provide a synonym for the target word, whereas Wise et al. required 
children to provide an oral definition, which requires deeper and more complete 
word understanding (i.e., definitional knowledge). Thus, it may be that Wise et 
al measured definitional-level vocabulary, and, therefore, did not probe 
expressive-level vocabulary and reading- and reading-related skills. 
Relations between word properties, and phonological awareness. 
According to the theory of lexical reorganization, reorganization of words in the 
lexicon is protracted, occurring gradually, on a word-specific basis, not all at 
once throughout the child's entire lexicon, as soon as the first dense phonological 
neighborhood appears (e.g., Bowey & Hirakis, 2005; Metsala & Walley, 1998; 
Walley, J\/Ietsala, & Garlock, 2003). 
Studies of lexical characteristics (i.e., phonological similarity, word 
frequency, and age of acquisition) and interactions between them provide some 
support for the LRT. Although the majority of the evidence comes from studies 
of adults or older children, a growing number of studies are investigating these 
factors in children who are as young as two years of age (e.g., Swingley & Aslin, 
2007). 
Neighborhood density. Phonologically similar neighborhoods contain 
words that vary by a single phoneme (Luce & Pisoni, 1998), with neighborhood 
density determined by the number of a word's neighbors (Vitevitch, Stamer & 
Sereno, 2008). For example: 
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The word kit has neighbors such as, skit where a phoneme is added, cot, lit, 
or kid where a phoneme is substituted, and it where a phoneme is deleted. 
A word, like cat, with many similar sounding words (e.g., at, bat, mat, rat, 
scat, pat, sat, vat, fat, gnat, cab, cad, calf, cash, cap, can, cot, kit, cut, coat) is said 
to have a dense neighborhood, whereas a word, like pig, with few similar 
sounding words (e.g., fig, wig, big, peg, pin, pitch) is said to have a sparse 
neighborhood. Note that each word has additional neighbors, but only a 
few are listed for illustrative purposes (p. 52, emphasis mine). 
According to Metsala and Walley (1998), words from dense phonological 
neighborhoods are pressured to undergo restructuring earlier than words in 
sparse neighborhoods because more detailed, segmental information is needed 
to differentiate each word from its phonological neighbors. Evidence has 
consistently shown that words from dense neighborhoods, as well as pictures 
representing them, are recognized more slowly and less accurately compared to 
words from sparse neighborhoods (Chan & Vitevitch, 2010; Garlock et al., 2001; 
Luce & Pisani, 1998; Metsala, 1997; Metsala et al., 2003; Starkel, 2004; Vitevitch et 
al., 1998, 1999, 2008) because of a competition effect (Luce & Pisani, 1998, 
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Vitevitch et al, 1999). In other words, a spoken word is not simply retrieved from 
memory; rather, the target word, as well as its phonologically similar neighbors, 
are activated in memory and compete for recognition. As a result of these 
competition effects, words from sparse neighborhoods can be recognized with 
limited speech input, whereas discriminating a word from its dense neighbors 
requires either additional input (Garlock et al., 2001; Metsala, 1997; Metsala et al., 
2009) or a lexical (i.e., contextual) decision (Samuel, 2001). Competition effects 
influence both speech recognition and production in both adults and children 
(e.g., Luce & Pisoni, 1998; Metsala, 1997; Metsala et al., 2009; Vitevitch et al., 
1999). 
Graph-theory (i.e., network) analyses that model the lexicon have helped 
to illustrate how these competition effects work (Grunfelder, 2009; Vitevitch, 
2008). For example, in Vitevitch's model lexicon using 20,000 English words, 
each "node" represented the phonological word form, and the links between 
nodes represented phonological overlap (i.e., results of adding, deleting, or 
substituting a single phoneme). The resulting model contained: (a) a large, 
highly interconnected set of words, (b) a number of smaller interconnected 
network of words (i.e., not in the larger set, but related; and, (c) many hermits 
(i.e., isolated words). A similar structure resulted from Grunfelder's (2009) 
model using pseudo-words. In both models, as new words are learned, they 
either connect to existing islands or become hermits. 
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Vitevitch and Grunfelder's models demonstrate how a target word, as 
well as phonologically similar or connected words, is activated. When the target, 
such as "pea," has many phonologically similar neighbors (e.g., peep, peel, peas, 
peat, peek, peace, peach), activation spreads among the highly similar words, 
making it difficult to quickly and accurately differentiate it from the others. This 
activation does not spread across all of a word's phonological neighbors; rather, 
it is confined to a set of highly similar words. For sparse or less dense words, 
such as "speak," fewer neighbors are activated (e.g., seek, sleek, sneak), 
recognition time is faster, and fewer production errors occur. 
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Figure 1. A diagram illustrating the interconnectedness among phonologically 
similar words in the lexicon. From Chan & Vitevitch (2008). Used with permission. 
Although few in number, studies examining the relationship between 
neighborhood density and phonological awareness support the claim that words 
in dense neighborhoods undergo reorganization earlier than words in sparse 
neighborhoods. For example, Metsala (1999) examined the influence of 
neighborhood density on phonological tasks with 3- and 4-year-olds (M=48.2 
months, range 36-56 months), using a picture-matching task to examine 
phonological awareness (i.e., onset-rime blending and phoneme blending) with 
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words from dense and sparse neighborhoods. Overall, children performed 
better on the phoneme-blending task when words in dense rather than sparse 
neighborhoods were used, suggesting that dense words are stored with greater 
phonemic detail. In another study, DeCara and Goswami (2003) found that 5-
year-olds rated high in receptive vocabulary made more accurate judgments on 
rhyme oddity tasks when words from dense neighborhoods were used, 
compared to rhyme oddity tasks using words from sparse neighborhoods. 
Although similar accuracy rates were reported for both the high- and low 
vocabulary groups, the "density effect" was only observed for the high 
vocabulary group. 
Familiarity. Lexical familiarity has been operationalized and measured in 
two ways: the experienced frequency of a word (i.e., high vs.low frequency) and 
the word's age of acquisition (i.e., approximate time a word is learned) (Walley & 
Metsala, 1990, 1992). The experienced frequency of a word and its age of 
acquisition (AOA) are presumed to facilitate lexical reorganization because they 
are generally learned earlier in development and are, therefore, members of 
phonologically neighborhoods containing other words with early AOA (Metsala 
& Walley, 1998). Accordingly, the storage of early AOA words would be 
expected to have more phonetic detail than late AOA words. In addition, lexical 
familiarity is strongly correlated with neighborhood density because words 
acquired earlier in development often reside in dense neighborhoods (Cody & 
Aslin, 2005; Storkel, 2002). 
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Evidence from speech gating tasks (i.e., a word when presented with 
increasingly larger word segments (Garlock, Walley, & Metsala, 2001; Metsala, 
1997; Walley et al., 2003) suggests that performance is related to an interaction 
between word familiarity (i.e., high vs.low frequency) and neighborhood 
density. Specifically, the results from these studies indicate that for 7-, 9-, 11-
year-olds or adults, performance was highest for high-frequency words from 
dense neighborhoods, presumably because dense words had the greatest 
opportunity to undergo lexical reorganization. Performance declined for 
younger children when words from sparse neighborhoods were used, although 
many older children and adults continue to exhibit a high level of performance 
for high-frequency sparse words. Performance was lowest for low-frequency 
sparse words, presumably because low-frequency sparse words are less likely to 
have undergone lexical reorganization, given their relatively few competitors 
and low frequency of use. 
Metsala (1999) examined the interactions between word AOA and lexical 
status, and child-related factors (i.e., vocabulary size and age) on phonological 
77 
awareness performance in several experiments. In the first, middle- to upper-
income 4- to 5-year-olds (range 47 to 76 months) were assessed in receptive 
vocabulary, word reading, letter knowledge, and phonological awareness (i.e., 
onset-rime blending, phoneme isolation, and phoneme blending) for words and 
pseudo-words. AOA ratings were assigned with words generally acquired 
before age 5 rated as low AOA and those after age 5 as high AOA. There were 
three main findings. First, there was a main effect for age, with 5-year-olds 
outperforming their younger peers for all word types (low AOA, high AOA, 
pseudo-words) on the blending and isolation tasks (p<.0001). Second, although 
the main effect for word familiarity was not statistically significant (p=.09), 
children generally performed better when lower AOA words were used. Third, 
children performed better with words compared to pseudo-words (i.e., lexical 
status). On both blending tasks, 4-year-olds were more sensitive to lexical 
characteristics, including lexical status and AOA, than 5-year-olds. Thus, it may 
be that sensitivity to lexical effects wane as children acquire more advanced 
levels of phonological awareness. 
In the second experiment, the effects of AOA and neighborhood density 
on phonological awareness performance were explored in 100 first graders, again 
using phoneme blending and isolation tasks with both words and pseudo-words. 
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In this experiment, however, the children were categorized by vocabulary 
knowledge (i.e., high or low). Predictably, performance was best for low AOA 
words, followed by high AOA words, and finally pseudo words. Unlike the first 
experiment, however, there were no significant age effects. Importantly though, 
the participant age range was narrower (range 70-84 months) in this experiment 
than in the first one. A main effect for vocabulary knowledge and AOA was 
found, and an interaction was found between vocabulary size and task difficulty. 
That is, as task difficulty increased, a larger main effect of vocabulary size was 
also observed. 
Individual differences in spoken word recognition. Support for a third 
source of variability in the timing of lexical reorganization comes from studies 
that include measures of spoken word recognition and phonological awareness. 
For example, Metsala and colleagues (2009) determined that second- through 
fourth-graders who performed better on spoken word recognition tasks for 
words from sparse neighborhoods (SWR-sparse) had higher reading scores a 
year later compared to participants with lower scores. Furthermore, 
performance on tasks with sparse neighborhood words predicted 5% of the 
variance in phonological awareness the following year after accounting for 
autoregressive effects and age. These results suggest that words from sparse 
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neighborhoods hold 11 a privileged position in relation to phonological awareness 
and reading" (Metsala, Stavrinos, & Walley, 2009, p. 116) because they have 
fewer II competitors," and, therefore, are under less pressure to undergo 
reorganization. For the children with higher levels of SWR-sparse: 
Perhaps these [sparse] words undergo organization earlier ... because they 
know relatively more of these words' neighbors. In contrast, for typically 
developing children, there may be a critical point in vocabulary 
development when all words are phonemically analyzed, regardless of 
lexical constraints on recognition (p. 116). 
The evidence presented thus far supports the theory of lexical 
reorganization, but there is also contradictory evidence suggesting that the 
theory may not fully explain the relationship between phonological awareness 
and vocabulary knowledge. For example, one line of research suggests that 
young children may have access to segmental information earlier than the LRT 
assumes (Swingley, 2003, 2005, 2007; Swingley & Aslin, 2000, 2007). Specifically, 
as noted earlier, 14-month-olds detected differences in phonological detail of 
words when they were familiar with the word (e.g., doll and ball; Swingley, 
2005) or when a familiar word and its mispronunciation were used (e.g., baby 
and vaby; Swingley & Aslin, 2000). Furthermore, Swingley and colleagues (2000, 
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2006, 2007) found a mispronunciation effect regardless of receptive vocabulary 
size, the frequency of the initial consonant involved in the words used, or a 
word's neighborhood density. Although these studies were all conducted with 
mispronunciations in the initial consonant position, Swingley (2003) found that 
Dutch infants, ages 18- to 20 months, were also sensitive to mispronunciations in 
the medial position of familiar words. If these results are interpreted as 
suggesting that the target words were represented segmentally, then children 
have access to segmental information earlier than the LRT assumes. 
There is some research to suggest that vocabulary size might also 
modulate an infant's ability to detect mispronunciations in words (Bowey & 
Hirakis, 2006). For example, Mani and Plunkett (2010) found that 12-month-olds' 
ability to detect vowel mispronunciations was related to increases in vocabulary 
size. The detection of consonant sounds, however, was not. Although this 
finding appears to be consistent with the theory of lexical reorganization, it also 
offers competing evidence because of the age of the children. Werker and 
Curtain. (2005) offer an adaptation to this theory by suggesting that underlying 
representations may be phonetically detailed, while access to these 
representations might be related to vocabulary size and task demands: 
81 
As infants learn more words, they are able to generalize from word 
representations to phonemic representations, such that in tasks with fewer 
cognitive demands, infants are able to access these phonetically detailed 
representations (Mani & Plunkett, 2010, p. 467). 
Summary and Remaining Gaps in Research 
Long-term studies of reading development have indicated that decoding 
and comprehension are independent, yet interrelated, constructs that vary in the 
timing of their greatest influence on reading development. Code-related skills 
predict decoding and word recognition in the early grades. Especially by third 
grade, and in some studies even earlier, oral language emerges as a significant 
and independent predictor of reading comprehension, over and above the 
contribution of decoding skill. 
Variations in the nature and timing of the effects of oral language on 
decoding are influenced by how oral language is operationalized and measured 
in the early years, and on the level of decoding skill a child has already acquired. 
When measured broadly in the early years, a direct effect of oral language on 
decoding skills is evident, especially when the child is in the very early phases of 
developing decoding skill. 
Of the essential code-related and oral language/comprehension skills, 
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phonological awareness and oral vocabulary have emerged as potent predictors . 
of reading skill. Adequate levels of phonological awareness and vocabulary are 
required for recovery from reading failure in the first grade. In addition, the 
ability to benefit from targeted phonological awareness interventions appears to 
be mediated by expressive vocabulary knowledge. For phonological awareness, 
developmental continuity is evident beginning in the late preschool period, and 
the stability of vocabulary knowledge is evident even earlier (i.e., can be 
predicted from vocabulary size in toddlers). 
Sh1dies of infants and toddlers suggest that there are both phonological 
and social routes to vocabulary development. Phonological routes are first 
evident as early speech perception shifts from language-general to language-
specific abilities. Over the course of development, and with ongoing language 
exposure, children develop the ability to identify and produce meaningful 
language, despite variations in caregivers' production. 
The social routes to vocabulary learning explain how variations in 
children's vocabulary are related to language experiences. These routes include 
the frequency and complexity of child-directed speech and opportunities to 
engage in extended discourse and participate in storybook readings with 
competent language partners. The richness of early experiences also supports 
83 
subsequent oral language development; that is, children with larger early 
vocabularies outpace their less knowledgeable peers by learning more words at 
faster rates, particularly in story reading contexts (e.g., Senechal et al., 1995). In 
addition, differences in vocabulary knowledge at age 2 years are predicted by 
variations in speech perception (Tsao, et al., 20004), babbling (Oller et al., 1998) 
and speech segmentation (Newman et al., 2006) during the first year of life, 
suggesting that the trajectory for a child's vocabulary development is established 
before a child speaks her first word. 
The strength and consistency of the relationship between phonological 
awareness and vocabulary have led some researchers to conclude that 
phonological awareness develops as a function of vocabulary size. Indeed, the 
LRT is based on the assumption that increases in vocabulary size provide the 
foundation for explicit access to phoneme-level analysis, as words in memory are 
stored at increasingly segmental levels (Metsala & Walley, 1998; Metsala, 1999, 
2011). 
Studies indicate that performance on phonological awareness tasks is 
related to both vocabulary size (DeCara & Goswami, 2003; Metsala, 1999) and 
lexical characteristics of words, such as neighborhood density and lexical 
familiarity (Metsala, 1999). Children with higher levels of vocabulary perform 
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better on phonological awareness tasks (Cara & Goswami, 2003; Metsala, 1999) 
and make greater gains in phonological awareness (Senechal, Ouellette, & 
Rodney) than children with lower levels. With regard to lexical characteristics, 
children perform better when tasks include words from dense neighborhoods or 
are familiar (i.e., low AOA words), while performance declines when tasks 
include words from sparse neighborhoods or are less familiar (i.e., low AOA 
words). Additionally, Metsala et al.'s (2009) study of spoken word recognition 
suggests that performance on tasks involving sparse neighborhood words is 
predictive of later reading performance. Finally, interactions between 
vocabulary knowledge and lexical characteristics suggest that the effects of 
lexical factors may exist along a developmental continuum (DeCara & Goswami, 
2005; Metsala, 1999). That is, after a certain level or amount of vocabulary 
knowledge is acquired, the timing of reorganization may be linked more to 
vocabulary size than to lexical characteristics. 
Finally, the crossover effects identified in intervention studies conducted 
by both Justice et al. (2003) and Lanigan (2007) are congruent with the LRT and it 
assumption of a causal role for vocabulary in the development of phonological 
awareness, although, at this time, there is far too little causal evidence to support 
this assumption with any certainty. Despite the evidence that supports the LRT, 
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questions about the precise role of vocabulary knowledge in phonological 
awareness development remain (Metsala & Walley, 1998). One question 
concerns whether an average or above average vocabulary benefits the 
development of phonological awareness. Second, if such a benefit exists, a 
question remains about which form of vocabulary knowledge (i.e., receptive, 
expressive, and definitional) provides the greatest benefit. Finally, because 
evidence suggests that threshold levels of vocabulary knowledge are required for 
the emergence of grammatical skill and for the onset of lexical reorganization, a 
third question concerns whether some critical mass or threshold of vocabulary 
knowledge is needed to facilitate phonological awareness development. 
Answers to these questions have important implications for early childhood 
instruction. 
Although much is known about the relationship between phonological 
awareness and oral vocabulary, the way in which oral vocabulary has been 
operationalized and measured in studies may underestimate or misrepresent its 
full contribution to early literacy or language development. For example, some 
studies included only one measure of oral language, or assessed only one form of 
oral vocabulary (e.g., receptive vocabulary, expressive vocabulary, or 
grammatical skill) (e.g., Burgess & Lanigan, 1998; Dickinson et al., 2003; Lanigan, 
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2006, 2007). Other studies measured oral language at a single testing point (e.g., 
Burgess & Lonigan, 1998; Justice et al., 2003; Lonigan et al., 2000; Metsala et al., 
2009). Even when multiple measures of vocabulary were included in a study, 
they were often collapsed into a composite variable for analysis (e.g., Lonigan et 
al., 2000; McDowell et al., 2007; Storch & Whitehurst, 2002), thereby obscuring 
the individual contributions of each form of vocabulary knowledge. 
To date, only Ouellete' s (2006) has examined the influence of three types 
of vocabulary knowledge on reading skill in a single study (of typically 
developing fourth-graders). Studies that have examined two levels of 
vocabulary (i.e., receptive and expressive) and phonological awareness in 
younger readers have yielded inconsistent results (Chiappe et al., 2004, Wise et 
al., 2007) This inconsistency may be attributed to how vocabulary was 
operationalized and measured in each study. Specifically, the expressive 
vocabulary measure used by Wise et al (2007) required participants to provide 
oral definitions-a task that Ouellette used to measure definitional-level 
knowledge. Thus, Wise et al.'s finding, that receptive vocabulary is more 
strongly related to phonological awareness and reading skill than is expressive 
vocabulary, can be called into question, which leaves Chiappe's finding about 
expressive vocabulary and phonological awareness unconfirmed. 
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Given the inconsistency of results in previous studies about which form of 
vocabulary is more strongly related to phonological awareness, the present 
research examines the contributions of multiple forms of vocabulary, including 
receptive, expressive, and definitional. Moreover, given the interrelations 
between vocabulary knowledge and grammatical skill, a measure of grammatical 
skill was also included in the testing battery, as has been done in previous 
studies of phonological awareness (e.g., Bowey, 1990; Burgess & Lonigan, 1998; 
Lonigan et al., 2000). 
In addition, given the rapid growth of vocabulary knowledge and 
phonological awareness during early- through middle childhood (Hart & Risley, 
1995; Lonigan et al., 2000), repeated measures of oral vocabulary were used (i.e., 
3 month intervals for one year) to allow growth in oral vocabulary to be 
compared to growth in phonological awareness. 
Finally, while an increasing number of studies are using growth 
modeling to illustrate how literacy and oral vocabulary change over time (e.g., 
Huttenlocher et al., 1991; McBride-Chang et al., 1997; Pan et al., 2005), these 
studies examined either changes in vocabulary (i.e., Huttenlocher et al., and Pan 
et al.) or phonological awareness (i.e., McBride-Chang et al.) in isolation. The 
current study was the first to include both. 
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CHAPTER 3: METHOD 
Purpose of the Study 
The aims of this study were to: (1) investigate how vocabulary knowledge 
and phonological awareness change over time for each participant; (2) examine 
group differences in phonological awareness development (i.e., initial status, 
direction, and/or rate of change); and, (3) examine the relationships between 
phonological awareness and different types (i.e., receptive, expressive, and 
definitional vocabulary and grammatical skill) and levels (i.e., 25th, 50th, and 75u, 
percentile) of vocabulary knowledge in 3- through 5-year-olds. 
To better understand the relationship between phonological awareness 
and oral vocabulary during the preschool and kindergarten years, individual 
growth curve modeling was used in combination with cohort-sequential analysis 
for three cohorts, each consisting of 3-, 4-, or 5-year-olds. This research allowed 
for the examination of growth in phonological awareness and vocabulary, within 
individual children and between groups of children, while also accounting for 
differences in age, initial status, and gender (Singer & Willett, 2003). 
Furthermore, developmental trajectories in phonological awareness for the full 
age range of the participants were explored (i.e., 30 to 80 months from the first to 
final measurement occasion) (Prinzie & Onghena, 2005). 
The primary research questions were as follows: 
1) For each child in the study, how do vocabulary knowledge and 
phonological awareness change over time? 
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2) Are between-person differences in the pattern of change in phonological 
awareness (initial status, direction, and/or rate of change) related to 
different types (i.e., receptive, expressive, and definitional vocabulary and 
grammatical skill) or levels (i.e., 25th, 501h, and 75th percentile) of 
vocabulary knowledge? 
Two related, secondary questions were: 
1) Are specific thresholds of vocabulary, such as the number of words 
identified at the receptive or expressive level, related to the emergence, 
acceleration, or deceleration in the trajectory describing phonological 
awareness? 
2) Is there evidence to suggest that from 3- to 6-years of age there are periods 
during which the strength of the relationship between different types (i.e., 
receptive, expressive, and definitional vocabulary and grammatical skill) 
or levels (i.e., 25th, 50th, and 75th percentile) of vocabulary and phonological 
awareness increases or declines? 
The following sections include a summary of the setting and participants, data 
sources, research design, and variables used in this study. 
Setting and Participants 
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The participants were drawn from two private preschools/kindergartens 
located in middle- to high socioeconomic neighborhoods in the Northeast (i.e., 
Center 1 and Center 2). Center 1 offered NAEYC-Accredited preschool and 
kindergarten programs as well as full- and part-time "wrap-around" care for up 
to 120 children (i.e., 6 weeks through kindergarten-age). Center 2 offered a 
NAEYC- Accredited preschool program and "wrap-around" care for up to 70 
children (6 weeks through preschool-age). Center 2 was also identified as an 
Early Reading First preschool. 
Letters describing the study and requesting permission for a child's 
participation were distributed by the preschool/kindergarten directors (see 
Appendix A). Parent consent served as the criterion for selection. Once consent 
was secured, parents were asked to fill out a brief questionnaire to provide 
background and contact information. This questionnaire is discussed in more 
detail in the next section. 
SES was determined by the qualifications for income-based tuition 
assistance. According to the center directors, 11% of the participants qualified 
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for income-based assistance (i.e., low /mid SES), whereas 89% of participants did 
not qualify (i.e., average middle/ high SES) and). They also identified 93% of the 
participants as Caucasian, 5% as Hispanic, and 2% as African American. 
The participants were all considered "typically developing". All were 
primary English speakers with no history of language or hearing delays, per 
parent report. Two participants had been identified for speech services. It was 
not expected that their articulation errors would interfere with their P A 
development because these errors were relatively minor (e.g., /w/ain for /r/ain) 
and did not interfere with the testing (e.g., Rvachew, Ohberg, Grawburg, & 
Heyding, 2003). Thus, both children remained in the study. 
This sample of typically-developing preschool /kindergarten-aged 
children from private preschool/kindergartens was selected for four reasons. 
First, vocabulary size and phonological awareness undergo a period of rapid 
development during the preschool and kindergarten years, thereby providing an 
ideal context in which to study their relationship (e.g., NICHD ECCRN, 2005; 
Senechal et al., 2006; Torppa et al., 2007). Second, a full understanding of growth 
in phonological awareness and vocabulary in typically-performing youngsters is 
required to contrast typical development with development that departs in 
various ways from it. Third, although there is evidence to suggest that SES is 
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related to overall skill levels attained for both phonological awareness (Lonigan 
et al., 2003; McDowell, Lonigan, & Goldstein, 2007) and vocabulary size (i.e., 
number of words; Pan et al., 2005) the relationship between phonological 
awareness and vocabulary size was not expected to vary by SES during the 
preschool/ kindergarten years (Metsala, 1999, 2011; Metsala & Walley, 1998). 
Therefore, selecting a middle- to high-SES range was expected to provide a 
suitable context in which to study this relationship. Fourth, the purpose of this 
study was to chart growth in phonological awareness and vocabulary over a full 
calendar year. Public or grant-funded programs follow the public school 
schedule (i.e., September to June), which makes it difficult to assess participants 
over the summer. In contrast, many private preschool/kindergartens, such as the 
ones identified in this study, are open year-round. 
Table 2 
Ns for age groups by testing point. 
Age Group Tim eO Time1 Time2 Time3 
3-year-olds 20 19 15 18 
4-year-olds 27 23 20 22 
5-year-olds 14 13 11 12 
Total N 61 55 46 52 
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A total of 61 children (Female =50%) participated in this study on the first 
measurement occasion, and between 46 and 55 children participated on the three 
subsequent measurement occasions (Table 2). Of the participating children, 41 
were from Center 1 and 20 were from Center 2. 
Consistent with Goldman's (1981) "same-age groups," an approach 
commonly used for preschool placement, the children were placed in age cohorts 
(i.e., age groups) based on their ages on the first measurement occasion. Of the 
original61 children, 18 were classified as 3-years-olds with a mean age of 37.4 
months (sd = 3.51), and a range of 30 to 42 months; 25 were 4-year-olds with a 
mean age of 47.04 months (sd = 3.12), and a range of 42 to 55 months; and 14 
were 5- year-olds with a mean age 60.64 months (sd = 5.30), and a range of 55 to 
68 months. At the final testing point, the age range for the sample for the entire 
sample was 41 to 80 months. Thus, the complete age range for the entire sample, 
for the year of study was 30 to 80 months. 
Measures 
Data were collected using a battery of individually administered 
phonological awareness, vocabulary, and grammatical skill assessments, as well 
as a parent questionnaire. All of the assessments were administered in 
accordance with the testing protocol unless noted otherwise. 
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Phonological Awareness 
The phonological awareness measure consisted of 10 tasks that vary by 
the linguistic units of analysis (e.g.~ syllables, onset-rime units, and phonemes) 
and the operation required (e.g., blending or segmenting). Given the age of the 
participants, the cognitive demands (e.g., memory and vocabulary) were 
considered carefully (McBride-Chang, 1995; Stahl & Murray, 1994; Stanovich et 
al., 1984; Yopp, 1988). To reduce the memory demands, measureswith forced 
choice items (i.e., only two choices) or multiple choice (i.e., up to four choices) 
were selected, when appropriate and possible, and each prompt was repeated 
twice, if needed (e.g., if the child did not respond to the question or appeared 
confused). Three steps were taken to reduce the vocabulary demands during 
both the selection and administration of the measures. First, tasks that required a 
non-verbal response (i.e., picture-pointing tasks) were included in the testing 
battery. Second, for each picture-pointing task, the pictures were labeled by the 
examiner before testing began. Third, a minimum of two training items was 
included for practice to ensure that testing procedure was understood. 
Phonological awareness subtest of the test of preschool early literacy 
(TOPEL). The TOPEL (Lonigan, Wagner, Torgesen, & Rashotte, 2007) is an 
individually administered, standardized assessment for children ages 3 years to 
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5 years and 11 months (see Table 4). The phonological awareness subtest is 
divided into sets of items including syllable blending and elision, with and 
without pictures; sub-syllabic blending (e.g., onset-rime, phoneme), with and 
without pictures; and phoneme elision (i.e., deletion), with and without pictures 
(Table 3). In addition, four of the blending items were "atypical units" because 
they were segmented oddly for presentation by the tester (e.g., ca-t or sew-k). 
In fact, it appeared that a gating procedure, similar to those outlined in speech 
recognition studies was used. 
Two practice items with feedback were provided for each of these sets of 
items. All sections were attempted; ceiling level is achieved for each section 
when the child misses three consecutive items in one section. Correct answers 
receive one point; incorrect responses receive no credit. Item sum scores (ISS) or 
raw scores were calculated by summing the correct responses (range 0-27). 
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Table 3 
TOPEL tasks organized by cognitive demands (i.e ., linguistic unit of analysis and 
operation). 
Linguistic Unit 
Operation 
Synthesis 
Linguistic Unit 
Operation 
Analysis 
Word/syllable 
hot-dog* 
star-fish* 
door-knob* 
air-plane 
rain-coat 
bath-tub 
Word/syllable 
Atypical unit 
go-t* 
ca-t* 
ca-p 
sew-k 
Sunflower without flower* 
Snowshoe without snow* 
See saw without see* 
Shoelace without lace 
Playground without ground 
Driveway without drive 
Note. *Indicates picture-pointing task. 
Onset-rime Phoneme 
b-air* 
f-ox 
h-at 
b-i-ke 
f-i-sh 
Phoneme 
Lamp without /p/* 
Shoot without /t/* 
Tease without /z/* 
Heat without /t/ 
Raid without /d/ 
Team without /m/ 
Additional phonological awareness assessments. Four additional tasks 
were included in the testing battery to ensure that all levels of phonological 
awareness (see Appendix C). These included a measure of rhyme detection (e.g., 
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"Does cat rhyme with hat or does cat rhyme with bell?") (Fernandez-Fein & Baker, 
1997); rhyme production (e.g., "What rhymes with cap?"; Fernandez-Fein & 
Baker, 1997); syllable segmentation (e.g., "Clap (or count) the syllables butterfly.") 
(Mann & Liberman, 1984); and, phoneme segmentation (e.g., "What are the 
sounds in dog"; Yopp, 1995). To be considered correct, all of the phonemes in the 
word had to be segmented accurately. Partial credit was not given. Of note, 
seven of the 22 items in this assessment are words with only two phonemes, a 
single consonant onset, and a vowel-only rime unit (e.g., lay). In these seven 
items, therefore, the segmentation task requires onset-rime level segmentation 
skill, not phoneme level. The scoring recommended for the assessment, 
however, does not make this distinction. 
To determine each participant's overall phonological awareness skill, a 
composite variable (pasum) was created by combining the item sum scores (ISS) 
for each of the five phonological awareness tasks (i.e., the Phonological 
Awareness subtest of the TOPEL, which probes word and phoneme blending 
and elision, and four additional measures that probe rhyme detection, rhyme 
production, syllable segmentation, and phoneme segmentation) that were 
included in the testing battery at each measurement occasion. 
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Oral Vocabulary Measures 
Three different standardized measures of vocabulary knowledge (i.e., 
receptive, expressive, and definitional) were used. A measure of grammatical 
skill was also included because it is related to vocabulary knowledge during the 
early years (e.g., Dionne et al., 2003; Dixon & Marchman, 2007). The terms 
"vocabulary measures" and "vocabulary variables" are used to denote not only 
receptive, expressive, and definitional vocabulary, but also grammatical skill. 
The item sum score (ISS) for each of the four vocabulary measures, described in 
detail below, was calculated and recorded. 
Receptive vocabulary. The Peabody Picture Vocabulary Test-4 (PPVT-4; 
Dunn & Dunn, 1987, 2007) is an individually administered, reliable, valid, and 
norm-referenced receptive vocabulary measure for individuals between the ages 
of 2 years, 6 months to 90+ years (see Table 3). The PPVT-4 consists of 228 
picture-pointing items distributed equally among 16 sets. During testing, the 
child indicates, by pointing, which of four items presented, best represents the 
word spoken by the examiner. Two practice items with feedback are provided at 
the beginning of the test to ensure understanding of the testing procedures. 
Items are scored dichotomously with correct answers receiving one point 
and incorrect answers receiving none. Item sum scores are calculated by 
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subtracting the total number of errors from the highest ceiling item (range 0 -
228). Given the high correlation between forms (.87 to .93) (Dunn & Dunn, 2007), 
and to ensure that the children did not "learn the test," Form A was used on the 
first and third measurement occasions, and Form B was used on the second and 
third. 
Expressive vocabulary. The Expressive Vocabulary Test-2 (EVT-
2;Williams, 2007), a reliable, valid, and frequently-used picture-naming task, is 
an individually administered, norm referenced measure for individuals between 
the ages of 2 years, 6 months to 90+ years (see Table 3). The EVT-2 consists of 190 
picture-pointing items arranged in a single, numbered set. During testing, the 
examiner shows the child a picture (e.g., "What do you see?" or "Tell me another 
name for . .. ") to prompt a response. The child responds with one word that 
provides a simple label (e.g., frog), answers a specific question about the picture 
(e.g., singing), or provides a synonym for a word that describes a characteristic of 
the pictured item (e.g., gigantic) as prompted. Acceptable responses generally 
include familiarized names (e.g., froggy), shortened words (e.g., copter), slang 
(e.g., chopper), or foreign words (e.g., dinero). Additional prompting is allowed if 
the child's first response meets certain conditions described in the testing 
manual. Practice items with feedback are provided at the beginning of the test 
(two items) and at different points in the assessment (one item) to ensure 
understanding of the testing procedures. 
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Answers are scored dichotomously with correct responses receiving 1 
point and incorrect responses receiving none. Item sum scores are calculated by 
subtracting the total number of errors from the highest ceiling set of items (range 
0 -190). Children were not expected to "learn the test" because: (1) feedback 
(i.e., the correct response) was not provided for incorrect items; and, (2) only the 
research team administered the assessment so classroom instruction could not be 
"tailored" to support identification of the test items. Thus, Form A was used on 
all four measurement occasions. 
Definitional vocabulary subtest of the TOPEL The definitional 
vocabulary subtest of the TOPEL measures both definitional and expressive 
vocabulary (i.e., simple label). It is normed for ages 3 years to 5 years, 11 
months. During testing, the examiner shows the child a picture and asks, "What 
do you call this?" Then, the examiner asks the child to describe one of the item's 
features or functions (e.g., "What does it do?" or "Where would you find it?"), 
whichever is specified in the manual for each item. Responses are scored 
dichotomously with correct responses receiving 1 point and incorrect responses 
receiving none. Although each of the 35 test items yielded information on both 
101 
expressive and definitional vocabulary (range 0- 70 points), only the sum of 
definitional probes was used in the analysis (range 0-35 points), because more 
extensive data for expressive vocabulary knowledge could be obtained on the 
EVT -2. 
M:orphological generation task (grammatical skill). The Morphological 
Generation Task (MGT) is a 24-item test of morphological inflections (i.e., 
grammatical skill) developed by Muter and colleagues. During testing, the 
examiner reads two sentences, omitting a target word from the second for the 
child to supply (e.g., "Here is one mouse. Here are two ... " [mice]) (see 
Appendix C). The first ten sentences probe understanding of plural forms of 
nouns. Five items are regular, with the plural formed by adding /s/ to the root 
word (e.g., pet/pets), and five are irregular nouns, for which a unique morpheme 
is used for the plural (e.g., mouse/mice). The remaining items probe knowledge 
of both regular and irregular grammatical inflections for verbs (e.g., This girl 
likes to ride. Here she is ... "[riding] or "This girl keeps pets. Here is the puppy 
she ... " [kept]). 
Consistent with Muter et al., corresponding pictures were used to reduce 
random guessing (Appendix C). For instance, in the example provided above, 
the first picture was of one mouse and the second was of two. The examiner 
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pointed to each picture when reading the corresponding sentence. Correct 
responses are given 1 point; incorrect responses are given 0 points (range 0- 24). 
Ceiling was established and the testing was discontinued when the child missed 
5 consecutive items. 
Parent Questionnaire 
Parents of the participating children completed a brief questionnaire to 
provide background information. Items included birthdate of child, parent 
employment status, number of siblings, language spoken in the home, history of 
developmental concerns (e.g., hearing/speech problems), and years of preschool 
attendance. This background information has been shown to influence 
performance on early literacy and language tasks (e.g., Dickinson & Tabors, 2001; 
Hart & Risley, 1995; Wells, 1985). 
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Table 4 
Available information on the reliability and validity of testing measures. 
Instrument Domain Published Psychometric Information Sources 
Measured Consulted 
Expressive Vocabulary Expressive Internal consistency reliability by age Rathvon, 
Test-2 (EVT-2; Williams, vocabulary .93-.94 2004 
2007) Test-retest .95 
Correlations with other measures of 
language and cognitive ability tests) 
range from .63 - .92. 
Co-normed w ith PPVT -4 
Peabody Picture Receptive Internal consistency reliability by age Brassard & 
Vocabulary Test-4 (PPVT-4; vocabulary 94-.95 Boehm, 
Dunn & Dunn, 2007) Test-retest by age .93, 2008 
Correlation with broader language 
measu res .45 . 92 
Test of Preschool Early Phonological Internal consistency Reliability: .85, Brassard & 
Literacy (TOPEL), Lonigan, awareness .86, .88 (ages 3-, 4-, and 5-years Boehm, 
Wagner, & Rashotte, 2007 (syllable/ respectively) 2008 
phoneme) 
Definitional Internal consistency reliability: 91, .92, 
vocabu lary .91(ages 2-, 4-, and 5-years, 
respectively) 
Morphological Generation Grammatical Non-standardized assessment Muter et al., 
Task, Muter et al., 2004 Skill 2004 
Rhyme Detection and Phonological Non standardized Fernandez-
Production Awareness Follows testing and scoring protocol Fein& 
(rhyme) outlined in Fernandez-Fein & Baker Baker, 1995 
(1995) 
Syllable Segmentation Task Phonological Non-standardized Mann& 
awareness Liberman, 
(syllable) 1984 
Yopp-Singer Test of Phonological Non-standardized Yopp, 1995 
Phoneme Segmentation awareness 
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Data Collection 
The researcher or a trained research assistant assessed the children at 
baseline (study entry or Time 0), as well as 3, 6, and 9 months later (i.e., Time 2, 3, 
and 4), except at Center 2, where the PPVT -4 and TOPEL were administered by 
personnel as part of an Early Reading First grant (an external evaluator or the 
researcher provided training). All testing took place outside the classroom in a 
private space within the school setting, with the exception of three children who 
had left their centers before the end of the study. These children were tested in 
their homes at the final testing point 
The entire assessment battery was administered to each child at each 
testing point (i.e., Time 0, 1, 2 and 3). Except for the alternation of PPVT forms 
(i.e., A and B), the testing battery remained the same at all measurement periods. 
In most cases, the assessments were administered over two 30-minute sessions 
(i.e., one vocabulary and one phonological awareness session). During the first 
and third measurement occasions, the vocabulary assessments (i.e., PPVT -4, 
EVT-2, Definitional Vocabulary subtest of the TOPEL, and MGT) were 
administered first, followed by the phonological awareness tasks (Phonological 
Awareness subtest of the TOPEL and additional phonological awareness tasks) . 
The order was reversed on the second and fourth measurement occasions. 
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Consistent with the procedures outlined in the testing manuals, the PPVT-4 was 
administered before the EVT-2. Although some research has shown that 
administering the PPVT-4 first can increase scores on the EVT-2 (Dunn & Dunn, 
2007), the pointing task is considered easier for children because speech is not 
required. 
If a child refused to complete any or all of the subtests, the testing session 
was discontinued and an additional session was scheduled. If the second 
attempt was unsuccessful, the child's scores were recorded as missing. The 
children were given stickers at the end of each testing session. 
All scores were calculated by the researcher who administered the 
assessments, and then checked later by a second research team member. Once 
the scores were confirmed, they were entered into the Excel database. Parent 
reports, which included an overview of the assessments, the child's results, and 
information on how to interpret the results, were generated at the end of the first 
and final testing points. A general overview of the participants' strengths and 
weaknesses was also shared with the center directors. 
Description of the Variables 
Variables were divided into three categories including outcome (i.e., 
phonological awareness), predictor-time varying (i.e., vocabulary and 
grammatical skill, testing point, age in months), and predictor-fixed (i.e., age 
group and gender). Table 4 provides a general description of the major study 
variables. (For the complete variable key, see Appendix C.) 
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In order to allow for direct comparisons between the phonological 
awareness and vocabulary variables, the item sum scores (ISS) were converted to 
average item sum scores (AISS) by dividing it by the total number of test items. 
The AISS was selected because it is a common metric that does not alter the 
psychometric attributes of the variables in the transformation, but does account 
for the varying number of items on the individual measures (range 24- 228). 
AISS conversions for the phonological awareness and vocabulary variables are 
represented using the letter a (i.e., apasum, arecvoc, aexpvoc, adefvoc, and 
agram) . Additional information about the conversion to AISS is provided in the 
next chapter. 
Three variables or markers for time were included in the dataset: 
measurement occasion, age, and cohort. Measurement occasion or testing point 
1-4 (time) was recoded as 0, 1, 2 and 3, with each number corresponding to a 
testing point (O=baseline). The age of the participants was recorded in months on 
the first day of testing for each testing point. To aid in the interpretation of the 
results, age in months was centered on 36 months (i.e., agemos_cen). Although 
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predictors are often centered on the mean of a sample, 36 months is a more 
meaningful constant and is within the range of the data (Singer & Willet, 2003). 
By centering age in this manner, the intercept for the growth models was 
interpreted as the phonological awareness score for a child at 36 months. Cohort 
or age-group was also included to examine if patterns of change varied across 
the age-groupings commonly used in preschool and kindergarten. 
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Table 5 
Description of the study variables. 
Variable 
Outcome (time-varying) 
pasum 
Predictor (time-varying) 
recvoc 
expvoc 
grammar 
defvoc 
time 
agemos_cen 
Predictor (fixed) 
gender 
age_group 
Definition 
Sum of the all phonological awareness assessment scores 
Receptive vocabulary measured by the raw score on the PPVT -4. 
Expressive vocabulary measured by the raw score on the EVT-2 
Grammatical skill measured by the Morphological Generation 
Test (MGT) 
Definitional Vocabulary as measured by the Definitional 
Vocabulary subtest of the TOPEL (definitional level probes only) 
Testing point indicator recoded as 0,1,2,3 
Chronological age, measured in months and centered on 36 
months 
O=female, 1 =male 
Age groups recorded as C3, C4, and CS (3-, 4-, and 5- year-olds 
respectively 
Research Design 
Methodological decisions for studies of development must take into 
account the theory being examined, the research designs that will best explicate 
the theory, and the analysis plan that will maximize or make the best use of the 
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data collected: 
These issues are topics that must be addressed in longitudinal research if 
it is going to be able to serve the three important functions of 
developmental science ... describing, explaining, and optimizing 
developmental trajectories (Learner, Swartz & Phelps, 2009, p. 47). 
To provide a precise characterization of how development in both 
' 
phonological awareness and vocabulary occurs over time, individual growth 
curve modeling was selected as the primary analytic strategy. Individual growth 
modeling requires three measurement occasions to capture linear trajectories. 
Adding a fourth measurement occasion, as was done in this study, allows for 
nonlinear, quadratic model to be fit. The methodological requirements for 
growth modeling can be found in Table 6. 
Table 6 
Methodological requirements of individual growth modeling 
Methodological 
Requirement 
How it is achieved in this study 
Minimum three testing points Four testing points 
Appropriate measure of time· Testing occurred every three months over 12 
Outcome changes systematically months 
Research base to support change in phonological 
awareness between ages 3- through 6-years. 
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The use of individual growth modeling to examine change over time is 
consistent with the recommendations of Lerner and colleagues (2009). First, with 
regard to the developmental theory being studied, research has consistently 
shown that vocabulary knowledge and phonological awareness are interrelated 
and undergo a period of rapid development during the preschool and 
kindergarten years (e.g., Anglin et al., 1993; Chall, 1987; Dickinson et al., 2003; 
Hart & Risley 1995; Lanigan, 2006, 2007; Lanigan et al., 2000; Metsala, 1999; 
NICHD ECCRN, 2005; Storch & Whitehurst, 2002; Torppa et al., 2007). Because 
growth models can manage multiple, time-varying covariates, it is possible to 
examine how phonological awareness develops in relation to growth in 
vocabulary (as measured by performance on the vocabulary measures) during 
the same developmental period (Kwok et al., 2008; Singer & Willett, 2003). 
Moreover, because individual growth modeling treats time as a continuous 
variable, change can be examined across the entire age range of the participants 
in the study, rather than just between set testing points: 
In repeated-measures UANOVA, all covariates in a model must be time-
invariant. In other words, individual measures on the covariates do not 
change with time and therefore have a constant effect across all 
measurement occasions ... Using [growth curve modeling], in contrast, the 
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researcher can include time-varying covariates in the analysis. Time-
varying covariates are often assessed concurrently with major outcome 
variables and can change over time for each participant (Kwok et al., 2008, 
p. 5). 
A second advantage of individual growth curve modeling is that it 
provides valuable ways of studying patterns of change at both the individual 
(level-1), termed individual growth modeling, and group levels (level-2): 
Together, these levels of analysis comprise the multi-level model. 
Individual growth models estimate within-subject change for each 
participant. Thus, it is possible to examine each child's growth record for 
phonological awareness over the yearlong study. This approach is unique to the 
multilevel model. Other methods, such as univariate ANOV A, do not estimate 
individual growth, but, instead, provide an average growth trajectory for all 
participants, with individual differences contributing to the error variance 
(Kwok et al., 2008). Individual growth curve modeling also describes group-
level or between-individual change, in addition to providing an average change 
trajectory: 
The goal of a level-2 analysis is to detect heterogeneity in change across 
individuals and to determine the relationship between predictors and the 
shape of each person's individual growth trajectory (Singer & Willett, 
2003, p. 8). 
In this study, level-2 analysis was used to identify developmental trends in 
phonological awareness related to variations in the participants' vocabulary 
knowledge. Floor or ceiling effects (Paris, 2011), as well as Matthew effects 
(Stanovich, 1985), were also explored as part of the level-2 analysis. 
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Finally, individual growth curve modeling was selected because it 
maximizes the use of the data by: (1) providing more statistical power, so fewer 
participants are needed; (2) allowing for the retention of all subjects even when 
they have missing data, thereby avoiding a censored sample (i.e., subjects with 
missing data are excluded); and, (3) accommodating variations in testing points, 
which commonly occurs when assessing young children. 
A cohort-sequential analysis (i.e., accelerated longitudinal design) was 
appropriate because multiple groups or cohorts of participants were studied 
repeatedly while meeting three important conditions: 
This technique ... provides a way to link adjacent segments of limited 
longitudinal data from different age cohorts to determine the existence of 
a common developmental trend, or growth curve. In this way, the 
researcher approximates a long-term longitudinal study by 
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simultaneously conducting and connecting several short-term 
longitudinal studies of different age cohorts (Duncan et al., 2006, p. 5). 
Consistent with a cohort sequential design, the age groups (i.e., 3-, 4-, and 
5-year-olds) differed in age at baseline and were followed for a full calendar 
year. As a result, the three age groups had subjects that were the same age at 
different time points (Lerner, Schwartz, & Phelps, 2009). By merging the data 
from these groups, it was possible to model developmental trajectories in 
phonological awareness from 30 to 80 months, the complete age-range of the 
participants (i.e., from the first to final measurement occasion). These 
developmental trajectories are discussed further in the next chapter. 
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· CHAPTER4:RESULTS 
In this study, individual growth curve modeling was used to determine if 
the study participants exhibited differences in phonological awareness 
development and whether these differences might be predicted or explained by 
variations in the vocabulary knowledge they displayed (i.e., type and level). The 
primary research questions were as follows: 
1) For each child in the study, how do vocabulary knowledge and 
phonological awareness change over time? 
2) Are between-person differences in the pattern of change in phonological 
awareness (initial status, direction, and/or rate of change) related to 
different types (i.e., receptive, expressive, and definitional vocabulary and 
grammatical skill) or levels (i.e., 25th, 50th, and 75th percentile) of 
vocabulary knowledge? 
Two related, secondary questions were: 
1) Are specific thresholds of vocabulary, such as the number of words 
identified at the receptive or expressive level, related to the emergence, 
acceleration, or deceleration in the trajectory describing phonological 
awareness? 
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2) Is there evidence to suggest that from 3- to 6-years of age there are periods 
of time during which the strength of the relationship between different 
types (i.e., receptive, expressive, and definitional vocabulary and 
grammatical skill) or levels (i.e., 25u', 50th, and 75th percentile) of 
vocabulary and phonological awareness increases or declines? 
Preliminary Analyses 
A number of preliminary analyses were used to explore the data and to 
ensure that the final models were estimated and interpreted accurately. The 
following sections outline the procedures used to examine the assumptions of 
regression, generate descriptive statistics, and explore predictive relations. 
Assumptions of Regression Analysis 
Growth curve models are based on the same assumptions as linear 
regression models. These include: normality (i.e., the data are normally 
distributed), independence (i.e., a predictor cannot include items that contribute 
to another predictor); linearity (i.e., is not possible to express any predictor as a 
linear combination of the others); homogeneity of variance (i.e., the residuals for 
each predictor variable are approximately equal); and, multi-collinearity (i.e., 
when two or more variables provide redundant information). Violating any of 
these assumptions can result in inaccurate estimates, p-values, or confidence 
intervals; therefore, a series of graphical and statistical methods was used to 
ensure that these assumptions were met (www.ats.ucla.edu/stat/sas/notes2/; 
Singer & Willett, 2003). 
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Normality. Normality was checked by inspecting: (1) the distributions for 
each variable; (2) the skewness (i.e., symmetry) and kurtosis (i.e., shape of the 
peak) of the distributions; (3) the Shapiro-Wilk (i.e., a measure of normal 
distribution); and, (4) the graphics (e.g., histograms). Table 6 provides 
information on the skewness, kurtosis, and Shapiro-Wilk tests for phonological 
awareness and each of the vocabulary variables. The data for each variable were 
normally distributed except for definitional vocabulary, which was negatively 
skewed. An examination of the data indicated that definitional vocabulary 
scores were close to, but not at, the upper limit of the scoring range (i.e., ceiling 
effect). Because skewness can affect the accuracy of the confidence interval or 
significance test if the variable is not transformed (e.g., logarithmic 
transformation) or standardized (e.g., converted to a z-score), an attempt was 
made to transform the definitional vocabulary data. However, because this 
attempt did not result in a normal distribution, it was more appropriate to use 
the un-transformed data with caution (Newton & Rudestam, 1999). 
The tests of normality also indicated a lack of significance for the Shapiro-
Wilk tests for both receptive and expressive vocabulary. Since the means and 
medians for these variables were found to be similar and their distributions 
appeared to be symmetrical, the assumption of normality was considered met 
(Table 6) . 
117 
Linearity. Regression analysis tests for linear relationships among 
variables. Therefore, when the variables are related nonlinearly, the regression 
model may underestimate their true relationship. The linearity assumption was 
checked by examining two sets of plots-plots of both observed values versus 
predicted values and normal probability plots. Because a "bowed" pattern was 
not found, the linearity assumption was not violated. 
Independence. The independence assumption implies that the errors of 
each variable are independent of each other (MacDonald, 2009). For this 
assumption, the autocorrelations were examined. Because these values were in 
the acceptable range, the assumption of independence was not violated. 
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Table 6 
Values of the mean (standard deviation), skewness, kurtosis, and Shapiro-Wilk for the 
outcome and predictor variables. 
Variable N Mean (SD) Median Skewness Kurtosis Shapiro-W ilk 
Outcome 
Phonological 
awareness 220 48.80(24.4) 47.5 0.32 -0.83 0.96*** 
Predictor 
Age 223 22.17(10.4) 21.0 0.403 -0.10 0.99* 
Receptive 
vocabulary 224 87.29(25.6) 87.0 0.03 -0.58 0.99 
Expressive 
vocabulary 219 70.93(20.4) 72.0 0.01 -0.49 0.99 
Definitional 
vocabulary 216 24.85(6.17) 27.0 -0.89 0.15 0.93*** 
Gramn1atical 
skill 211 13.04(3.95) 13.0 0.12 -0.81 0.98** 
Note. ***p<.001, **p<.01,* p<.05 
Homoscedasticity. To check for violations of homoscedasticity (i.e., the 
homogeneity of variance assumption) both the normality plots and the plots of 
the residuals were examined. These results, in addition to those reported in the 
section on normality and linearity, indicated that the assumption was not 
violated. 
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Multi-collinearity. Although multi-collinearity is not an assumption 
underlying-regression analysis, failure to detect it may result in an inaccurate or 
un-interpretable model (Singer & Willett, 2003). To check for multi-collinearity, 
bivariate correlations were computed among the predictors (i.e., receptive, 
expressive, definitional vocabulary; and grammatical skill) and with the outcome 
phonological awareness. Studies have shown that, during early childhood, 
receptive and expressive vocabulary are related strongly (e.g., Sideridis & Simos, 
2010) and that vocabulary is related to grammatical skill (e.g., Dixon & 
Marchman, 2007). Consistent with the research base, all ten correlations were 
significant and moderate to strong (see Table 7) with the strongest correlation 
between receptive and expressive vocabulary (r = .84) at baseline. 
Creating a composite variable (i.e., combining receptive and expressive 
vocabulary) is one way to address collinearity, yet doing so would obscure the 
independent contributions of each vocabulary type. Therefore, receptive 
vocabulary was centered on the mean of the sample and squared to create a 
centered, quadratic, or nonlinear term (i.e., recvoc_censq). This transformation 
resulted in a non-significant correlation coefficient (r=.025, p=.71) (Sweet & 
Grace-Martin, 2008) and allowed for both variables to remain in the analyses. 
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Table 7 
Correlations among phonological awareness and the vocabulary variables (receptive, 
expressive definitional and grammatical skill (N=61). 
Phonological Receptive Expressive Definitional 
awareness vocabulary vocabulary vocabulary 
Receptive 
.66*** 
vocabulary 
Expressive 
vocabulary .71*** .84*** 
Definitional 
vocabulary .61*** .73*** .76** 
Grammatical 
skill .59*** .69** .72** .61** 
Note. ***p <.001 
Descriptive Statistics 
Table 8 includes the descriptive statistics for phonological awareness and 
vocabulary by age-group for the item sum scores (i.e., ISS or raw scores). (See 
Appendix D for additional descriptive tables.) The expected age differences for 
phonological awareness and vocabulary were apparent. For instance, the 5-year-
olds (i.e., 4 years, 8 months to 5 years, 11 months, at baseline) had higher mean 
(raw) scores in phonological awareness than the 4-year-olds (3 years, 8 months to 
4 years, 7 months, at baseline) and the 4-year-olds had higher mean scores than 
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the 3-year-olds (i.e., 2 years, 6 months to 3 years, 7 months at baseline) at each 
testing point. Except for definitional vocabulary, a constant rate of change on all 
measures across all testing points was evident. Issues related to definitional 
vocabulary are discussed in the next chapter. 
Standard scores for receptive and expressive vocabulary were also 
calculated at the beginning of the study. For receptive vocabulary, the mean 
standard score for the sample was recorded as 111.18 (11.7) with a range of 86 to 
143. A similar range of 88 to 141 and a mean of 113.5 (11.3) was observed for 
expressive vocabulary. According to Dunn and Dunn (2007) these scores fall 
within the average (85 to 115 or 100 ±1 SD) to high-average range (115 to 145 or 
100+2 SD). It is important to note that, although standard scores were useful for 
comparison to age-related norms, raw scores were used in all analyses as 
recommended by Singer and Willett (2003). 
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Table 8 
Descriptive statistics for the predictor and outcome variables. 
3-year-olds 4-year-olds 5-year-olds 
N Mean (SD) N Mean (SD) N Mean (SD) 
Time-Varying Outcome 
Phonological awareness 
TimeO 14 18.0 (6.8) 27 36.4 (22.1) 14 55.9 (13.3) 
Time1 12 27.8(11.8) 23 47.4 (20.3) 12 64.2 (12.8) 
Time2 12 40.1 (18.2) 21 57.4 (18.7) 12 72.8 (13.0) 
Time3 13 49.0 (21.0) 23 63.3 (22.7) 13 82.5 (18.7) 
Time-Varying 
Predictors 
Receptive vocabulary 
TimeO 20 48.9 (14.9) 27 62.4 (16.5) 14 86.1(13.8) 
Time 1 18 50.0 (17.8) 24 71.2 (15.5) 14 87.1(17.4) 
Time2 17 61.5 (18.7) 22 77.2 (13.6) 13 96.4 (14.3) 
Time3 20 75.3 (11.7) 22 83.9 (15.9) 13 108.9 (11.0) 
Expressive vocabulary 
Time O 20 47.6 (16.6) 26 57.7 (9.3) 14 80.3 (14.3) 
Time 1 18 49.6 (14.5) 23 68.0 (12.9) 13 92.1 (15.0) 
Time2 18 61.9 (12.8) 21 75.3 (11.1) 12 97.3 (10.6) 
Time3 19 71.2 (15.8) 23 81.1 (13.6) 12 102.0 (9.8) 
Definitional vocabular) 
Time 0 20 16.2 (3.6) 27 22.9 (5.9) 14 28.64 (3.1) 
Time 1 17 13.6 (4.2) 22 25.7 (3.7) 14 28.43 (3.2) 
Time2 16 20.6 (3.6) 20 27.8 (3.6) 11 28.18 (2.1) 
Time3 19 25.4 (2.9) 23 28.4 (2.9) 13 31.46 (1.6) 
Grammatical Skill 
TimeO 19 8.5 (2.4) 27 10.4 (2.7) 14 13.1 (3.9) 
Time 1 15 9.8 (2.7) 20 12.6 (3.1) 14 15.1 (3.0) 
Time2 16 12.1 (3.2) 20 14.7 (2.9) 13 17.2 (1.9) 
Time 3 19 13.3 (3.2) 22 15.0 (3.4) 12 18.6 (2.1) 
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Observed Mean Trajectories 
To illustrate how growth occurred for the sample, observed mean 
trajectories were constructed for phonological awareness and each vocabulary 
variable by plotting the means (Table 8) by corresponding age and measurement 
occasion (Singer & Willett, 2003). Inspection of Figure 1 indicates the trajectories 
for phonological awareness appeared to be linear. The trajectories for each 
vocabulary variable also appeared to be linear, except for definitional vocabulary 
(see Appendix E), which is discussed in the next section. 
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Figure 1. Observed mean growth trajectories for phonological awareness for 3-, 4-, and 
5-year-olds. 
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A cohort-sequential or accelerated longitudinal design was used that 
allowed for the joining of segments of short-term data from adjacent age-groups 
to examine longer-term trends in development from 36 to 72 months. As Figure 
2 shows, the observed means (i.e., observed mean trajectory) and estimated 
means (i.e., fitted trend line) were relatively similar. This provides evidence that 
cohort-by-age-differences were not apparent and that P A development could be 
represented from 36 to 72 months of age by linking data from each age-group in 
the individual growth analysis. 
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Figure 2. Phonological awareness (ages 3- through 5-years-old) joined to form a 
trajectory of development from 36 to 72 months. 
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Rescoring the Data 
In order to make comparisons among the scored measures, the item sum 
scores (ISS) were converted to average item sum scores (AISS) to get them on the 
same metric scale by controlling for the varying number of items (i.e., range from 
24 to 192 items), that comprise each of the four predictors. AISS scores were 
calculated by dividing the ISS by the total number of response items for that 
measure. For example, the total number of items on the composite phonological 
awareness variable was 109, thus the AISS was calculated by dividing each 
participant's ISS by 109. Correlations between the ISS for each variable with its 
AISS yielded an r = 1.0 (p < .0001). A comparison of the skewness and kurtosis 
statistics for the ISS and AISS revealed that they continued to have the same 
values. These findings indicate that the psychometric properties of the ISS and 
AISS for each variable were identical. 
Observed mean trajectories for the AISS variables were generated as 
described previously. As Figure 3 shows, increases in growth occurred in each 
variable from 36 to 72 months. Consistent with Paris' (2011) contention that 
constrained skills "develop from nonexistent or modest at age 3-4 years to 
asymptotic levels by 9 years," (p. 234) phonological awareness had a steeper 
slope (i.e., higher rate of change) and approached the upper limits of the measure 
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for the older children compared to receptive and expressive vocabulary. 
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Figure 3. Observed mean trajectories comparing growth in phonological awareness, 
receptive, expressive, and definitional vocabulary and grammatical skill. 
Stepwise Linear Regression 
Although individual growth curve modeling was the primary method of 
analysis used in this study, including stepwise linear regression in the 
preliminary analyses allowed for the examination of developmental continuity 
(i.e., stability) of phonological awareness as well as relations between the 
variables (Newton & Rudestam, 1999). Because using this form of regression for 
prediction purposes can be problematic when collinearity exists (Newton & 
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Rudestam, 1999), the results were used to for exploratory purposes. 
The developmental continuity of phonological awareness was examined 
using SPSS 19. Time 3 (i.e., final) phonological awareness sum scores were 
entered as the outcome (i.e., P Asum3) and the baseline scores for phonological 
awareness and each form of vocabulary were entered as predictors in a stepwise 
manner (e.g., PAsumO or recvocO). As Table 9 shows, when the entire sample 
was considered, initial phonological awareness skill predicted later performance 
(~ =.66, p<.001). 
To examine if developmental continuity differed by initial levels of PA 
skill, the sample was separated into High and Low performance groups by 
dividing the baseline phonological awareness scores at the mean (i.e., one group 
above and the other group below the mean at the first testing point). The results 
indicated that initial status in phonological awareness predicted P A a year later, 
but only for children in the High group (i.e., above the mean in PA at baseline) (~ 
=.59, p=.03). In contrast, receptive vocabulary predicted performance of children 
in the Low group(~ =.76, p<.001). 
When the sample was divided by age, initial status in phonological 
awareness predicted P A performance one year later for the 4-year-olds only 
(~=.77, p=.001). Expressive vocabulary predicted performance one year later for 
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the 3-year-olds, whereas definitional vocabulary predicted performance for the 5-
year-olds (~=.55, p=.04, ~ =.66, p=.02 respectively). These results suggest that 
interactions exist between age-group and types of vocabulary knowledge, as they 
relate to phonological awareness, should be explored further in the growth 
models 
Table 9 
Predictors of final phonological awareness performance from the stepwise method. 
Group Predictor Beta and p value 
3- to 5-year-olds PAsumO ~ =.66, p<.OOl 
4-year-olds PAsumO ~=.77, p=.OOl 
5-year-olds definitional vocabulary ~ =.66, p=.02 
3-year-olds receptive vocabulary ~ =.55, p=.04 
Below the mean receptive vocabulary ~ =.76, p<.OOl 
Above the mean PAsumO ~=.59, p=.03 
Modeling Phonological Awareness Growth 
The first aim of this study was to describe the development of 
phonological awareness and each type of vocabulary over time. The second aim 
was to explore how development in phonological awareness was related to 
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children's vocabulary knowledge including both type (i.e., receptive, expressive, 
definitional vocabulary or grammatical skill) and level (i.e., 25th, 50th, or 75th 
percentile). Individual growth curve modeling is well suited to address these 
objectives because it accommodates multiple time-varying predictors and 
examines both individual- and inter-individual-level growth. All analyses were 
conducted using SAS PROC :MIXED and SPSS 19 using the maximum likelihood 
method. The results are reported according to the analytic framework outlined 
in Singer and Willet (2003). 
The research questions were designed to correspond with the two levels 
of change analyzed in growth modeling. The first set of analyses described the 
Ievel-l or individual growth model (i.e., within-person change): For each child 
in the study, how do vocabulary knowledge and phonological awareness change 
over time? The second set of analyses described the level-2 or inter-individual 
model (i.e., between-person change): Are between-person differences in the 
pattern of change in phonological awareness (initial status, direction, and/or rate 
of change) related to different types (i.e., receptive, expressive, and definitional 
vocabulary and grammatical skill) or levels (i.e., 25th, 50th, and 75th percentile) 
of vocabulary knowledge (as measured by the PPVT-4, EVT-2, MGT, and 
TOPEL)? 
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For both sets of analyses, time was centered (i.e., set equal to 0) on the first 
measurement occasion to aid in the interpretation of the models. The dataset 
was also pivoted from a person-level data set (i.e., one line of data per 
participant) to a person-period data set (i.e., one data record for each participant 
for each testing point) (Singer & Willett, 2003). Pivoting the data in this manner 
resulted in a substantially larger N as the scores for each child at each 
measurement period were included in the analysis (N=220). In addition, 
participants with missing data were not excluded. By following these steps, a 
censored sample (i.e., a sample where participants with incomplete data records 
were dropped) was avoided and a more accurate picture of how development 
occurred was presented. 
Research Question 1: Estimating Individual-Level Growth in Phonological 
Awareness 
Individual growth records. Empirical growth records for phonological 
awareness and each vocabulary variable were generated for each participant. 
Inspection of the growth records revealed substantial heterogeneity in both the 
initial status and slope (i.e., rate of change) across participants; however, patterns 
in development were also observed (see Appendix F). For example, increases 
over time were observed for all participants, regardless of initial status and 
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despite occasional decreases or plateaus in performance. It also appeared that, 
for the majority of the participants, growth in phonological awareness, as well as 
receptive and expressive vocabulary, and grammatical skill, appeared to be 
occurring linearly. For many participants, however, growth in definitional 
vocabulary plateaued as scores approach the upper limits accommodated by the 
measurement tool. Given the relatively small sample size and the overall linear 
shape of the trajectory, Singer and Willett's (2003) recommendation to "err on the 
side of parsimony and postulate a simple linear model" (p. 49) was followed and 
a positive, linear change trajectory was selected to describe growth for 
phonological awareness and all of the vocabulary predictors. 
Individual growth trajectories. Based on the assumption that growth 
occurred linearly, each child's empirical growth plot was summarized by fitting 
an Ordinary Least Square (OLS) regression (Singer & Willet, 2003). Figure 4 
shows three OLS trajectories in phonological awareness for a randomly selected 
3-, 4-, and 5-year-old. For ID 0511 (R2=95.5), a 5-year-old, the OLS trajectory fit 
the data well: For ID 0314 and ID 0412, however, more residual variance 
indicated a poorer fit (i.e., more unexplained variance). To further examine the 
quality of fit, individual R2 statistics were computed for each participant. 
Although a considerable range in values was evident (0.2 to 99.6), the mean R2 
value of 71.4 suggested that a linear trajectory captured the changes in 
phonological awareness reasonably well (Singer & Willett, 2003). 
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Figure 4. Individual growth records in phonological awareness with overlaid 
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OLS trajectories for a randomly selected 3-, 4-, and 5-year-old (top left, top right, 
and bottom respectively). 
Specifying the Ievel-l model. Based on the previous exploratory 
analyses it was determined that phonological awareness developed positively 
and linearly over time, so the Ievel-l model was specified as: 
P Asumij = 7TDi + 7Tli (TIME ii) + cij 
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The key assumption of this model was that in the population from which the 
participants were drawn, P Asumii (i.e., phonological awareness sum score) was 
related linearly to TIME (i.e., age or testing point) for child i at time j (Singer & 
Willet, 2003). Three parameters or specific values needed to be estimated: n o or 
the intercept for child i when TIME=O (i.e., initial status); 71li or the slope in 
phonological awareness for child i on occasion j (i.e., child i' s true rate of change 
per unit of TIME); and, Eij, the unexplained variance for child ion measurement 
occasion j (Singer & Willett, 2003). 
Summary of findings for research question 1. The individual growth 
records or Ievel-l trajectories for each individual child indicated that growth in 
phonological awareness, as well as growth in receptive vocabulary, expressive 
vocabulary, and grammatical skill, occurred steadily over the course of the 
study, with few exceptions. Moreover, variations in both initial status and slope 
were evident (i.e., rate of growth). The range in the R2 statistic indicated that, in 
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most cases, the OLS trajectories fit the data well; however, for others, there was 
more unexplained variance. Finally, growth in phonological awareness, as well 
as in expressive and receptive vocabulary and grammatical skill, appeared to be 
linear. Thus, a positive, linear model was specified. 
Research Question 2: Examining Phonological Awareness Development in 
Relation to Vocabulary Knowledge 
Growth trajectories by sample and age-group. To begin to examine 
group differences, OLS trajectories for the individual growth records were 
grouped into !-graphs (Singer & Willett, 2003). Consistent with the previous 
examination of growth records for each individual, the !-graph for the entire 
sample confirmed that phonological awareness developed positively, but with 
substantial heterogeneity (Appendix G). 
Examining the !-graphs by age-group revealed two patterns of interest. 
First, on average, phonological awareness appeared to increase faster for the 3-
year-olds compared to the 4- and 5-year-olds. Second, differences in the degree 
of variability among the growth rates were apparent. The 3-year-olds showed 
the least amount of variability in initial phonological awareness status (Time 0), 
with scores ranging from 9 to 33, which is a 24-point spread, compared to a Time 
0 spread for the 4-year-olds with a 79-point spread, and for the 5-year-olds of 39 
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points. At Time 3, there was a spread of 69 points for the 3-year-olds, a 70 point 
spread for the 4-year-olds, and a 56 point spread for the 5-year-olds. In other 
words, at Time 3, the variability in phonological awareness scores for 3- and 4-
year olds was virtually the same, and quite a lot greater than the variability 
found in scores for the 5-year-olds. Given these variations; the level-2 model 
would need to capture both the heterogeneity within each age-group as well as 
the heterogeneity between the age-groups. 
Specifying the level-2 model. As noted previously, the Ievel-l sub-model 
was specified as: 
p Asumij = TIOi + 7Lli (TIMEij) + cij 
However, because patterns in the !-graphs and the results of the stepwise linear 
regressions suggested that age-group and/or different types or levels of 
vocabulary knowledge (Xi) could be related to growth in phonological 
awareness, the Ievel-l conditional model was specified as: 
p Asumij = TIOi + Tili (TIME ij) + 7L2i (Xi) + cij 
Two level-2 sub-models were required to model inter-individual change, 
one for each growth parameter included at Ievel-l (i.e., rr:m and rr:u). Thus, the 
level-2 sub-models were specified as: 
7Wi = yoo + yo1(Zi) + (m 
7tli = yw + yn(Zi) + (Ii 
In the first sub-model, nm represented the intercept of the predicted 
growth trajectory for each child i at baseline (i.e., Time 0). nm comprised the 
grand mean intercept for the sample for each predictor (yoo) and the effect of 
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time-varying predictor (Z) on each child's initial status (yo1). In the second sub-
model, Tili represented the predicted slope for each child i at baseline. nu 
comprised the grand mean slope for the sample (yw) plus the effect of the time-
varying predictor Z on each child's slope (yn). In both sub-models, ( 
represented the residuals or unexplained variance. Thus, the composite, multi-
level model in which both sub-models and age-group were included was 
specified as: 
PAsUIDij= [yoo + y10 (AGEGROUPi) +y01 (Zi)+ yu (AGEGROUP x Z)ii] + [~Oi+ ~li 
(AGEGROUP)ii + cii] 
Model building. The growth model analysis was completed using a 
multi-step process that included: (1) fitting a series of unconditional means and 
unconditional growth models; (2) fitting a series of conditional growth models; 
(3) selecting a final model; and (4) representing the model in a series of 
prototypical trajectories. 
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Step 1: Unconditional means and unconditional growth models. In the 
first step of model building, unconditional means (UMM) and unconditional 
growth models (UGM) were estimated separately for phonological awareness 
and each time-varying predictor (see Appendix H). The UMM modeled the 
intercept only. Each UMM was significant (p:::;.OQl) indicating that there was 
enough variation in the intercepts to warrant further analysis. The interclass 
correlation (ICC) specified that 55% of the total variation in phonological 
awareness was attributed to between-person differences and the significant 
random effects (p<. 02, p<.03) at level-1 and level-2 indicated there was enough 
unexplained variance that could be explained by adding additional predictors to 
the model. 
Next, unconditional growth models were estimated to determine if adding 
time to the UMM accounted for additional variance (Singer & Willet, 2003). 
Agemos_cen, or the centered age variable was selected as the variable for time for 
each unconditional model to aid in the interpretation of the models and because 
age in months is a more precise measure of time than the age-grouping variable. 
Comparing the unconditional means to the unconditional growth models 
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indicated that the Ievel-l variance decreased for phonological awareness and for 
each of the predictors. Thus, adding time to the models was warranted. In 
addition, the Pseudo R~.44 indicated that 44% of the variance in phonological 
awareness was explained by adding time (i.e., age in months) to the model. 
Lastly, while the decrease in the goodness of fit statistics suggested that the UGM 
was a better fit than the previous models, the significant variance components 
(p=.Ol at both Ievel-l and level-2) indicated that there is enough significant 
variance between participants in final status and rate of change to warrant 
further analysis. 
Step 2: Conditional growth models. Conditional models included the 
level-2 fixed predictors as well as the time-varying predictors. During model 
building, a predictor or an interaction between predictors was retained in the 
model if the model converged, predicted significant variance in phonological 
awareness (i.e., p::;; 05), and was a "better fit" as determined by a decrease in 
deviance or goodness of fit statistics (Singer & Willet, 2003). Smaller goodness of 
fit values indicate a better fit of the model to the data. Although these statistics 
was examined for each model, the change in the Bayesian information criterion 
(BIC) was carefully noted because, accounting for both the sample size and the 
number of parameters model (i.e., values to be estimated), is the more rigorous 
deviance statistic (Singer & Willett 2003). 
Gender was the first variable entered into the model and was 
subsequently excluded from further analysis because it made no significant 
contribution to the model. Next, the time-varying predictors (i.e., receptive, 
expressive, definitional, and grammatical skill) and the fixed predictors age-
group (3-, 4-, and 5-year-olds) were entered into the model in a hierarchical 
manner as predictors of both initial status and rate of change in phonological 
awareness. 
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Once all of the vocabulary predictors were added, definitional vocabulary 
was excluded from further analysis because it failed to make an independent 
contribution to predicting phonological awareness. The following significant 
time-varying predictors were retained in the model: the centered, the linear term 
for receptive vocabulary and the quadratic (i.e., nonlinear) term for receptive 
vocabulary, the linear terms for expressive vocabulary and for grammatical skill. 
Finally, interactions between the vocabulary variables and age group were 
entered to examine whether the relationship between vocabulary and growth in 
phonological awareness (i.e., initial status and rate of change) differed by age 
group. Two significant interactions were found, between receptive vocabulary 
and the 3-year-old' s phonological awareness performance, and, between 
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expressive vocabulary and 4- and 5-year-olds year-olds' phonological awareness 
performance. 
Step 3: Selecting the final model. The significant predictors identified in 
Step 2 were then used to estimate final conditional growth models. Because the 
intercept was not significant (i.e., initial status was not significantly different 
from 0), the final models were run as No Intercept models. Two versions of the 
final model were considered based on goodness of fit statistics. The first 
included age in months, while the second included age group (see Table 10). 
Although age in months accounted for more variance that age group, age group 
was retained because: (1) a 53.59 point reduction in the BIC indicated a better 
fitting model (i.e., the model improved) (Rafter, 1995 as cited in Singer & Willett, 
2003); (2) the unique contributions of the vocabulary variables could be seen 
more clearly; (3) differences in receptive and expressive vocabulary by age group 
were identified in the preliminary analyses; and, (4) age group had more 
practical consequences for classroom instruction than age in months. 
Overall, the final model indicated that receptive vocabulary, expressive 
vocabulary, and grammatical skill were significant predictors of growth in 
phonological awareness for the 3-, 4- and 5-year-olds. Receptive vocabulary was 
the strongest predictor, followed by expressive vocabulary and grammatical 
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skill, respectively. Another finding was that receptive and expressive vocabulary 
interacted with the fixed predictor representing the different age groups. The 
specific results were as follows: (1) grammatical skill had a significant, positive 
effect on phonological awareness growth (~=.262, SE=.079, p<.001); (2) expressive 
vocabulary had a significant effect on phonological awareness growth (~=.882, 
SE=.125, p<.001); (3) the significant negative slope for expressive vocabulary(~=­
.307, SE= .111, p<.01) reflected a shallower slope in the 3-year-old age-group and 
a steeper slope for the 4- and 5-year-olds; (4) receptive vocabulary did not have a 
significant effect on the linear slope (p=.833); however, there was a significant 
main effect for the quadratic or nonlinear slope (B=l.65, SE= .757, p=.03) for all 
age-groups; and, (5) there was an additional main effect of receptive vocabulary 
(i.e., quadratic term) for the 3-year-olds only indicating a steeper slope for 3-year-
olds with higher levels of receptive vocabulary. 
Step 4: Generating prototypical growth trajectories. Prototypical growth 
trajectories allow for the statistical effects of growth models to be seen, 
particularly when effect sizes are estimated (i.e., SAS PROC MIXED). Singer and 
Willet (2003) suggest selecting an "interesting" or a "sensible" range to plot when 
time-varying predictors are used. Thus, the prototypical growth trajectories 
were calculated using the 50th percentile range for receptive vocabulary, 
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expressive vocabulary, and grammatical skill (Figure 5). 
Table 10 
Parameter estimates for the final model. 
Parameter Model Model with 
with age age-grou,e 
Fixed Effects 
Initial status, Intercept yoo 
nm 
Rate of A gram YlO .189* .262*** 
change, 
7Lli 
recvoc_cen y2o -.0015b -.018 
arecvoc_censq y3o 3.62E-5 1.63* 
arecvoc_cen*C3 y4o .002** .66* 
Aexpvoc yso .616*** .816*** 
aexpvoc * C3 y6o -.189a -.290** 
agemos_cen y7o .009*** 
Variance 
components 
Level1 Within-person cii .012*** .013*** 
Level2 In initial status (u 
In rate of change (2i 5.1E-5 .011 *** 
Covariance (m, (li 
Goodness-of-fit statistics 
Deviance 
-2LL -169.44 -224.04 
AIC -165.44 -220.04 
BIC -159.92 -213.51 
*p<.OS; **p<.Ol; ***; p<.001;ap=.06; bp=.lO 
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Given the moderate to strong correlations between the variables as well as 
the variations in the timing of expressive and receptive vocabulary (Table 6), 
prototypical trajectories that compared the average rate of change in 
phonological awareness to one in which the target vocabulary predictor is 
removed (i.e., baseline trajectory) were generated. For both the prototypical 
growth trajectory and baseline trajectory, the coefficients from the final model 
were substituted for the parameters (e.g., nmand 7tlil in the final model. For 
purposes of comparison, for the baseline trajectory, a value of zero was assigned 
to the parameter for the variable of interest. Thus, the target variable's 
contribution to the final model is reflected in the difference between the two 
trajectories. 
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Figure 5. Prototypical fitted trajectories in phonological awareness by for 3-, 4-, and 5-
year-olds at the 50th percentile. 
Figures 6, 7, and 8 illustrate the estimated, individual contributions of 
receptive vocabulary, grammatical skill, and expressive vocabulary, to growth in 
phonological awareness for a prototypical3-, 4-, and 5-year-old at the median 
(i.e., 50th percentile) compared to the baseline trajectory. As Figure 6 suggests, 
receptive vocabulary played a greater role in phonological awareness growth for 
3-year-olds compared to 4- and 5-year-olds. As Figure 7 suggests, expressive 
vocabulary played a more pronounced role in phonological awareness growth 
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for 4- and 5-year-olds compared to 3-year-olds. Finally, as Figure 8 suggests, the 
role of grammatical skill in phonological awareness growth was consistent across 
age groups. 
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Figure 6. Estimated individual contribution of receptive vocabulary for a prototypical3-, 
4-, and 5-year-olds at the median (i.e., 50th percentile) compared to a baseline trajectory. 
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Figure 7. Estimated individual contribution of grammatical skill for a prototypical 3-, 4-, 
and 5-year-olds at the median (i.e., 50th percentile) compared to a baseline trajectory. 
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Figure 8. Estimated individual contribution of expressive vocabulary, for a prototypical 
3-, 4-, and 5-year-olds at the median (i.e., 50th percentile) compared to a baseline 
trajectory. 
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Examining differences by vocabulary knowledge. A final prototypical 
growth trajectory was used to examine the median rate of change in 
phonological awareness growth for a prototypical3-, 4-, and 5-year-old with 
high and low baseline vocabulary scores (25th and 75th percentile) (see Table 11 
for the quartile means). Because the older children in this sample tended to have 
higher, initial levels of vocabulary, the prototypical growth trajectories were 
examined by age-group so that the differences within similar age-groups could 
be seen. 
To generate a trajectory for each percentile, the values of the coefficient for 
receptive vocabulary (i.e., recvoc_cen and recvoc_censq) were changed from the 
means at the 50th percentile (i.e., used in Figures 6, 7, and 8) to those representing 
the 25th percentile. Given the correlations between the variables, the means for 
expressive vocabulary and grammatical skill were also changed to the values at 
the 25th percentile. Thus, the model assumed that a prototypical child in the 25th 
percentile for receptive vocabulary was also in the 25th percentile expressive 
vocabulary and grammatical skill as well. The process was then repeated for the 
75th percentile. All three trajectories (i.e., 25th, 50th, and 75th percentile) were 
plotted in a single chart (Figure 9). According to Figure 9, a child with higher 
levels of vocabulary (all forms) at baseline (i.e., 75th percentile) is estimated to 
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achieve higher P A sum scores over a year compared to a child with lower levels 
of vocabulary (i.e., 25th percentile). 
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Figure 9. Prototypical growth trajectories by percentiles in vocabulary and age-group. 
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Table 11 
Quartile means of the vocabulary variables to calculate the prototypical growth 
trajectories. 
Receptive vocabulary Expressive vocabulary Grammatical Skill 
Time 0 1 2 3 0 1 2 3 0 1 2 3 
Age3 
25th 40.4 41.3 49.7 67.4 41.0 40.0 52.0 58.0 7.0 8.0 10.5 10.0 
50th 48.0 50.1 59.8 76.2 46.5 50.5 61.0 74.0 8.0 9.0 12.0 14.0 
75th 56.0 64.0 72.4 83.4 53.5 58.0 72.0 87.0 10.0 10.0 14.0 15.0 
Age4 
25th 46.3 60.6 69.9 72.4 51.0 63.0 69.0 72.0 9.0 10.5 12.0 12.0 
50th 61.5 71.6 74.1 80.4 59.0 69.0 78.0 82.0 10.0 12.5 14.5 14.5 
75th 74.1 79.2 89.3 101.1 63.0 77.0 82.0 89.0 11.0 14.5 17.0 17.0 
AgeS 
25th 78.3 79.2 94.3 103.6 78.0 91.0 89.0 96.0 10.0 13.0 16.0 17.0 
50th 91.4 88.0 98.5 106.1 81.5 95.0 97.5 102.5 12.5 15.5 17.0 18.5 
75th 95.2 96.8 101.9 117.9 87.0 96.0 104.0 107.0 17.0 17.0 18.0 19.5 
The mean item sum score (ISS) (range 0-109) was used to examine 
differences within and among age groups estimated scores could be compared 
(Table 11). The results indicated that participants with the highest level of 
vocabulary were expected to have PA scores that were similar to or, at times, 
higher than older peers. Specifically, by Time 3, the 3-year-olds at the 75th 
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percentile were estimated to achieve P A sum scores similar to those of the 4-
year-olds in the 50th percentile (i.e., 55.6 and 57.8, respectively) despite their 
lower, initial scores (i.e., 28.3 and 40.3 respectively). Moreover, they were 
estimated to achieve higher P A sum scores than the 4-year-olds at the 25th 
percentile (i.e., 55.6 and 49.1, respectively). Four-year-olds at the 75th percentile 
were estimated to have P A sum scores similar to, though slightly below the 5-
year-olds at the 25th percentile (i.e., 68.8 and 73.0, respectively). 
Table 12 
Estimated phonological awareness sum scores (P Asum) by percentile and testing point. 
25th percentile 
Time 0 1 2 3 
Age Group 
3-year-olds 13.1 14.2 24.0 32.7 
4-year-olds 34.9 41.4 46.9 49.1 
5-year-olds 49.1 57.8 65.4 73.0 
50th percentile 
0 1 2 3 
20.7 22.9 32.7 46.9 
40.3 48.0 54.5 57.8 
57.8 66.5 73.0 79.6 
75th percentile 
0 1 2 3 
28.3 33.8 45.8 55.6 
44.7 54.5 63.2 69.8 
67.6 73.0 80.7 90.5 
Finally, to determine if the differences in P A performance by vocabulary 
knowledge (i.e., increased, decreased, or remained the same), difference scores 
were calculated by subtracting the mean at the 25th percentile from the mean at 
the 75th percentile, for each age group, at Time 0 and Time 3. The results showed 
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a Matthew effect for 3- and 4-year-olds (Stanovich, 1984). That is, the difference 
between children with the highest and lowest level of vocabulary (i.e., 25th and 
751h) increased from 15.6 points (Time 0) to 22.9 points (Time 3) for the 3-year-
olds, and from 9.8 (Time 0) to 20.7 for 4-year-olds. For the 5-year-olds, however, 
the gap did not widen. In fact, there was a slight decrease in the difference score 
(i.e., from 18.5 to 17.5). As Table 11 shows, 5-year-olds with the lowest levels of 
vocabulary at Time 0 had phonological awareness scores at Time 3 that had been 
achieved by their higher-level vocabulary, 5-year-old peers in this study six 
months earlier. 
Summary of Results 
The results of this study indicated that phonological awareness 
development was related to growth in different forms of vocabulary (i.e., 
receptive, expressive, definitional, and grammatical skill) and to vocabulary 
size. Variations in the nature and timing of the effects of vocabulary on growth 
in phonological awareness were evident. The growth curve analyses revealed 
that phonological awareness increased linearly for all participants with the 3-
year-olds demonstrating the fastest rate of growth overall. 
The final growth model yielded a number of additional findings. First, 
although receptive and expressive vocabulary and grammatical skills are 
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closely related, each made independent contributions to growth in phonological 
awareness. Higher levels of each of these types of vocabulary, at each testing 
point, were associated with higher levels of phonological awareness. Second, in 
addition to its main effect across all cohorts, receptive vocabulary had an 
additional effect on phonological awareness growth in its interaction with age for 
3-year- olds, but not for 4- or 5-year-olds. Third, expressive vocabulary also 
interacted with age, contributing an additional, positive effect to its main 
effect on growth in phonological awareness for the 4- and 5-year-olds, but for not 
3-year-olds. Fourth, grammatical skill had a positive main effect on growth in 
phonological awareness. Fifth, definitional vocabulary did not have a significant 
effect on growth in phonological awareness when it was included in the growth 
model with the other predictors, even though the preliminary analysis indicated 
that baseline scores significantly predicted final levels of phonological awareness 
for 5-year-olds. Finally, children with higher levels of vocabulary (i.e., at the 75th 
percentile) consistently performed better on phonological awareness tasks than 
their same-aged peers with lower levels of vocabulary. The 3-year-olds with the 
highest level of all forms of vocabulary had higher initial levels of phonological 
awareness than their peers with lower levels, achieving mean scores similar to 
the 4-year-olds at the 50th percentile. 
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CHAPTER 5: DISCUSSION 
The aim of this study was to examine growth patterns in phonological 
awareness and oral vocabulary knowledge, and their relationship, in preschool 
and kindergarten aged children. Two primary research questions were pursued: 
1) For each child in the study, how do vocabulary knowledge and 
phonological awareness change over time? 
2) Are between-person differences in the pattern of change in phonological 
awareness (initial status, direction, and/or rate of change) related to 
different types of vocabulary (i.e., receptive, expressive, and definitional 
vocabulary, and grammatical skill) or to different achieved levels (i.e., 25th, 
50th, and 75th percentile) of vocabulary knowledge? 
Two related, secondary questions were also pursued: 
1) Are specific thresholds of vocabulary, such as the number of words 
identified (receptive level) or produced (expressive level), related to the 
emergence, acceleration, or deceleration in the trajectory observed in 
phonological awareness development? 
2) Within the age range of 3- to 6-years, are there periods during which the 
strength of the relationship between phonological awareness and different 
levels (i.e., 25th, 50th, and 75th percentile) or types of vocabulary knowledge 
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(i.e., receptive, expressive, and definitional vocabulary and grammatical 
skill) increases or declines? 
The research sample consisted of 61 children fr'om mid- to upper-SES 
families who attended preschool or kindergarten in two different centers. 
Children were grouped by age (3-, 4-, and 5-year-olds) in their classrooms, as is 
common. A comprehensive battery of standardized and unstandardized 
measures was used to assess the participants' phonological awareness, oral 
vocabulary (i.e., receptive, expressive, and definitional) and grammatical skilt 
four times over a year. Unlike prior research that used cross sectional or pre/post 
design, this longitudinal study included four time points so that growth curve 
modeling could be used to study growth patterns of multiple time-varying 
predictors (i.e., phonological awareness and 4 vocabulary variables). 
In this chapter, I first summarize major findings and then interpret and 
discuss them. Next, I provide a description of a post-hoc analysis that was 
prompted by the initial exploration of major findings. At the end of this chapter, 
I discuss limitations of this study of, along with suggestions for further research, 
as well as a few implications of this study for practice. 
155 
Summary of Major Findings 
The purpose of the first research question was to examine how 3- through 
5-year olds' phonological awareness and vocabulary knowledge (i.e., receptive, 
expressive, and definitional vocabulary and grammatical skill) change over a 
year, as measured by performance on reputable and frequently used measures. 
The results indicated that performance on all of the measures improved linearly 
over the course of this year-long study, except for definitional vocabulary. The 
expected developmental differences, based on previous phonological awareness 
and vocabulary research (e.g., Dickinson & Tabors, 2001; Farkas & Beron, 2004; 
Lanigan et al., 2000; Wells, 1985)were apparent: On average, 5-year-olds 
performed better than 4-year-olds, and 4-year-olds performed better than 3-year-
olds on the measures of phonological awareness, although a range of individual 
differences (i.e., initial status or rate of growth) was observed within each age 
group. 
The second question investigated was whether growth in phonological 
awareness was related to vocabulary size. Results of the individual growth 
curve analyses showed that, for this sample of children, differences in both the 
form (i.e., receptive, expressive, and definitional vocabulary and grammatical 
skill) and level of vocabulary knowledge (i.e., 25th, 50th, or 75th percentile) helped 
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to explain the variability in phonological awareness performance. Specifically, 
the individual growth curve analyses indicated that children with higher levels 
of vocabulary knowledge typically achieved higher levels of phonological 
awareness. Moreover, the results showed that receptive vocabulary, expressive 
vocabulary, and grammatical skill predicted phonological awareness growth 
when they were included in the same growth model. In the full model (i.e., all of 
the vocabulary predictors entered), definitional vocabulary no longer made a 
significant contribution. An interesting finding was that receptive vocabulary 
was the strongest predictor of growth in phonological awareness for the sample, 
as a whole, followed by expressive vocabulary and grammatical skill, 
respectively. 
Finally, the results showed that both receptive and expressive vocabulary 
had an additional, significant effect on phonological awareness through their 
interactions with age. Specifically, receptive vocabulary had an additional, 
positive effect on phonological awareness growth among the 3-year-olds, but not 
for 4- and 5-year-olds, while expressive vocabulary had an additional effect on 
phonological awareness growth among 4- and 5-year-olds, but not for the 3-year-
olds. 
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With regard to the secondary research question concerning a threshold 
level of vocabulary, based on the measures used, the findings did not support the 
occurrence of a threshold level (i.e., number of words) of receptive- or expressive 
vocabulary at which phonological awareness emerged, accelerated, or showed 
little additional growth. However, the prototypical growth trajectories indicated 
that 3-, 4-, and 5-.year-olds who achieved the highest level of vocabulary (i.e., 75th 
percentile) at each testing point had higher initial score on phonological 
awareness by the end of the study compared to children with lower initial levels 
vocabulary. Although the 3-year-olds with higher initial levels of vocabulary · 
had lower, baseline P Asum scores, they were estimated to match and even 
exceed the scores of their older peers with lower initial levels of vocabulary skill. 
Similarly, 4- year-olds at the 75th percentile in vocabulary, at baseline, had lower 
initial phonological awareness scores than the 5-year-olds at the 25th percentile. 
Because the mean scores for 5-year olds approached the upper limit of the 
phonological awareness assessment (P ASum), less variability was evident at 
baseline (Time 0) compared to the other two age cohorts. By the final testing 
point (Time 3), however, 5-year-olds in the 25th percentile for vocabulary were 
estimated to have phonological awareness scores at Time 3 that matched those 
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obtained by 5-year-olds with higher:.. level vocabulary scores (75111 percentile) six 
months earlier. Each 'finding will be discussed below. 
Discussion of Initial Findings 
This study's results are discussed as they relate to the theory of lexical 
reorganization, which attributes the origins and protracted development of 
phonological awareness to increases in vocabulary size (Fowler, 1991; Metsala, 
1999; Metsala & Walley, 1998, Walley, 1993). According to the LRT, the degree of 
segmental detail in the storage of phonological information for words in a child's 
lexicon is related to both child (i.e., vocabulary size) and lexical (i.e., 
neighborhood density, age of acquisition, frequency) factors. When vocabulary 
is small, words are stored as wholes-with no segmental detail. Because in a 
small vocabulary there typically are few sound similarities among words, they 
can be recognized holistically by their overall acoustic shape (Walley, 1993). As 
vocabulary size increases, however, more and more words begin to overlap in 
their phonology, which increases the density of their associated phonological 
neighborhoods. Words that are members of dense phonological neighborhoods 
must be re-stored differently than in their original, holistic storage form-this 
time segmentally. This lexical reorganization allows each word in a dense 
phonological neighborhood to become differentiated from all of its neighbors 
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(Metsala, 2011; Metsala & Walley, 1998; Walley, 1993). According to the LRT, 
this process of reorganization to more segmental (i.e., phoneme-level) analysis 
prompts greater attention to phonemes, and makes their conscious awareness 
possible, beginning in early childhood and continuing through middle childhood 
(Metsala, 2011). 
Vocabulary 
Receptive and expressive vocabulary. The study's results are consistent 
with findings from previous research in which a relationship was found between 
vocabulary knowledge, measured at the receptive or expressive levels, and 
concurrent and subsequent levels of phonological awareness (DeCara & 
Goswami, 2003; Metsala, 1999; McDowell et al., 2007; Senechal, Ouellette, & 
Rodney, 2006; Torppa et al., 2007). These results also extend the longitudinal 
work conducted by Schwarz and Burnham (2006; see also Schwarz, Burnham, & 
Bowey, 2006), in which they found that vocabulary size, with receptive 
vocabulary measured at 33 and 36 months, and expressive vocabulary measured 
at 30 months, significantly predicted concurrent levels of phonological 
sensitivity. In the current study, a relationship between vocabulary size and 
phonological awareness was found for a more extended time period, specifically, 
from 36 to 72 months. 
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The current study's findings for 3- to 5-year-olds are also consistent with 
the findings of a relationship between phonological awareness and vocabulary in 
toddlers with advanced (i.e., precocious talkers) or delayed language 
development (i.e., late talkers) (Paul & Jennings, 19992; Rvachew et al., 2006; 
Smith et al., 2006). Specifically, 3- to 5-year-olds in the current study with higher 
initial levels of receptive and expressive vocabulary achieved higher levels of 
phonological awareness skill compared to participants with lower initial levels of 
vocabulary. Particularly noteworthy was that 3-year-olds with the highest levels 
of vocabulary at baseline (i.e., 75th percentile) were estimated to achieve higher 
levels of phonological awareness by Time 3 than 4-year-olds with average or 
below average vocabulary at baseline (i.e., 50th percentile). Thus, the conclusion 
that children with advanced language skills exhibit advanced, rather than 
deviant, levels of phonological skill (Paul & Jennings, 19992; Rvachew et al., 2006; 
Smith et al., 2006) is consistent with the findings from the current study. 
This study also found that, in addition to a main effect of vocabulary on 
the growth in phonological awareness, the predictive power of expressive 
vocabulary increased beginning at age four. This finding suggests that children 
with lower levels of expressive vocabulary might show slower rates of 
development for phonological awareness. Although this finding is congruent 
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with Whiteley, Smith, and Connors' (2007) identification of poor expressive 
vocabulary as a "limiting factor" in the responsiveness to phonological 
awareness instruction, the present study also suggests that the role of expressive 
vocabulary might become especially important as phonological awareness 
develops to the more complex higher-level tasks. When considered in relation to 
the theory of lexical reorganization, the current study's finding was unexpected 
because receptive vocabulary, alone, is sufficient to support the central LRT 
assumption that more segmental representations are required as the size of the 
lexicon increases (Bailey & Plunkett, 2002; Swingley and Aslin, 2000). In other 
words, even for receptive level understanding of words (i.e., child knows which 
word someone has said), lexical organization that is segmental is necessary in 
dense neighborhoods, to prevent a child from confusing one word in a 
neighborhood with others (e.g., cut vs. cot or please vs. peas). 
The current study, however, is not the first to identify an increase in the 
predictive power of expressive vocabulary in relation to phonological awareness 
development. For example, in a study that examined the relations between early 
literacy and language skills, and dyslexia, Torppa et al. (2010) found that, at 2.5 
years of age, receptive language, including receptive vocabulary, made the 
largest contribution to phonological awareness a year later. But, in predicting 
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later phonological awareness development from 3.5 years of age, an increase in 
the contribution of expressive language, including expressive vocabulary, was 
observed: 
Whereas receptive language at age 2.5 had a wide impact on the 3.5-year-
olds' measures, its associations at age 3.5 to subsequent skills were limited 
to 5-year-olds' receptive language, expressive language, and inflectional 
morphology. Expressive language now made a wider contribution and it 
predicted all measures except inflectional morphology (p. 315). 
When the findings of the present study are considered together with the results 
of these other studies, it appears that examining both receptive and expressive 
vocabulary in preschoolers, as well as the relationship of each one to 
phonological awareness development, using longitudinal studies, will be 
important for moving us forward in our understanding of how growth in 
vocabulary actually interacts with growth in phonological awareness over the 3-
to 5-year-old time period. 
Definitional vocabulary. The current study's finding that definitional 
level vocabulary does not add to the prediction of growth in phonological 
awareness was expected, because depth of vocabulary knowledge is not likely to 
add any support, above and beyond an expressive level of vocabulary 
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knowledge, to the child's capacity to manipulate sounds in words. In fact, 
Ouellette (2006) found that, while definitional vocabulary was the strongest 
predictor of reading comprehension in the fourth graders he studied, receptive 
and expressive vocabulary were the strongest predictors of decoding and visual 
word recognition, respectively. This is not surprising, because both of these 
reading processes depend heavily on phonological awareness skill. 
The higher rate of change for definitional vocabulary in the current study, 
as shown in Figure 3, was surprising because definitional-level knowledge 
requires more time to develop than receptive- or expressive-level knowledge 
(e.g., Coyne et al., 2009). This finding is likely due to the measure used in this 
study (i.e., Definitional Vocabulary subtest of the TOPEL; see Chapter 3). 
Specifically, on the first measurement occasion, the mean score for the 5-year-
olds was near the upper limit of the scoring range (i.e., M = 31.5 (1.6), range= 0-
35, see Table 8). Moreover, there was little change in the 5-year-olds' scores on 
this measure from Time 0 to Time 3. Although none of the 5-year-olds scored a 
35, the highest possible score (i.e., no ceiling effect, per se), the narrow 
performance range (i.e., 29 to 34) indicated that the scores were bunched close to 
the upper limit of the measure. In fact, the definitional vocabulary subtest is 
normed for children up to age 5 years, 11 months (i.e., 71 months), while the 5-
year-olds in this study had a mean age of 71.3 month, with a range of 64 to 80 
months, at measurement Time 3. In other words, they had "aged out" of the 
range that was most appropriate for this tool. 
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Taken together, these facts help to explain why the level of performance 
for definitional vocabulary was higher than the receptive and expressive 
vocabulary performances in this study; that is, why the initial definitional 
vocabulary score for 5-year-olds was higher than their receptive and expressive 
levels, and remained high, whereas the mean score for their receptive and 
expressive vocabulary scores increased gradually, as is expected for vocabulary 
(Paris, 2011) across the whole age span included in this study, and in older 
children as well. 
It is important to repeat here, however, that in this study, definitional 
vocabulary was not a significant predictor when all of the vocabulary variables 
were included in the growth models, even though it was predictive of 
phonological awareness for the 5-year-olds in the stepwise linear regressions that 
were used in the preliminary analyses. Further research is required before any 
firm conclusions can be drawn about the relationship between definitional 
vocabulary and phonological awareness growth. 
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Grammatical skill. Among the three variables that predicted growth in 
phonological awareness in the final model, grammatical skill was a consistent 
predictor of growth in P A for all ages. Grammatical skill was included as a 
possible predictor in this study because it has been shown to support vocabulary 
development (e.g., Dionne et al., 2003). Although no role for grammatical skill in 
the development of phonological skill is described in the LRT, prior research 
suggests that grammatical skill, when measured by inflectional morphology 
tasks, such as the one used in this study (i.e., Muter et al., 1994), is related to 
phonological awareness (Casalis & Alexandre, 2000; Crain-Thoreson & Dale, 
1992; Senechal & Kearnan, 2007). For example, Senechal and Kearnan have 
suggested that grammatical skill is related to phonological awareness because 
children with higher levels "learn to manipulate specific units such as the /s/ in 
the case of the plural mark" (p. 319). Moreover, in Crain-Thoreson and Dale's 
study, which predated Senechal and Kearnan's study, a significant correlation 
was found between MLU at 24 months of age and phonological awareness at 4.5 
years of age. Although MLU is often considered a measure of expressive 
language, it also takes into account grammatical skill because the language 
samples analyzed provide information on children's use of inflections and 
function words (Crain-Thoreson & Dale, 1992). Inflections (i.e., /s/ in dogs versus 
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dog, and /t/ in walked versus walk) involve phoneme level segments of a word. 
While the present study indicates that grammatical skill is an important 
predictor of phonological awareness from 3- to 5 years of age, we currently lack 
the research base to explain this finding. Thus, more research is needed to help 
us understand this association. 
In sum, the results of the current study indicate that there are variations 
in the nature and timing of the relationship between growth in phonological 
awareness and growth in receptive vocabulary, expressive vocabulary, and 
grammatical skill during the preschool and kindergarten years. The findings 
raise important questions about critical assumptions on which the lexical 
reorganization theory is based. Specifically, according to the theory, increases in 
the size of a child's receptive vocabulary prompt segmental reorganization of 
phonologically similar words (i.e., words that differ by a single phoneme) in the 
lexicon. The LRT, however, does not indicate that expressive vocabulary might 
become increasingly more important for phonological awareness development 
(i.e., PA task performance) as children move from 3-years of age to 4- and 5-years 
of age. 
The increase in the power of expressive vocabulary to predict 
phonological awareness growth in 4- and 5-year-olds suggests that phonological 
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awareness development might require more than just continued lexical 
reorganization (i.e., formation of more and more dense phonological 
neighborhoods and subsequent re-organization of an increasing number of 
words). Perhaps the ability to articulate a word (i.e., use it expressively), and 
having multiple experiences in doing this, helps to solidify its phonological 
representation (i.e., sound structure) and makes its segmental structure more 
accessible for conscious manipulation, as is required in higher-level P A tasks. 
Because the summed score for P A used in the main analysis provided no 
descriptive information about the level of task, per se, on which 4-and 5-year-olds 
succeeded while the 3-year-olds did not, some post hoc analyses were required 
to explore further relationships between P A task attainment and level of 
vocabulary knowledge. A description of the post-hoc analyses is provided next. 
Post Hoc Exploratory Analyses 
Based on what seemed most relevant to the lexical reorganization theory, 
in combination with consideration of the extant literature, the following research 
questions were examined in the post hoc exploratory analyses: 
1) How did children within each age range perform on each phonological 
awareness task (e.g., syllable blending, syllable segmentation or rhyme 
production)? 
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2) How is performance on specified phonological awareness tasks (e.g., 
syllable blending, syllable segmentation or rhyme production) related to 
performance on measures of vocabulary? 
Based on the theory of lexical reorganization, it was hypothesized that if 
lexical reorganization is the only catalyst for attainment of higher levels of 
phonological awareness skill then: (1) on tasks involving smaller linguistic units 
(e.g., phonemes), performance differences between older (i.e., 4- and 5-year-olds) 
and younger age groups (i.e., 3-year-olds) should be larger than performance 
differences on tasks involving larger linguistic units (i.e., syllables and onset-
rime units); (2) on tasks involving smaller linguistic units (e.g., phonemes), the 
performance of children with higher levels of expressive vocabulary (e.g., above 
the mean) should exceed that of children with lower levels (e.g., below the 
mean); and, (3) performance differences related to expressive vocabulary size 
should not necessarily increase much as task difficulty increases even as 
manipulations vary across tasks. 
A Continuum of Task Difficulty 
Before performance differences relative to task difficulty could be 
explored, a continuum of task difficulty was determined. That is, the 10 tasks 
that comprised the P A sum score were analyzed for difficulty level and then 
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ranked (i.e., from easiest to hardest) taking into account the linguistic unit 
involved, the operation of this unit required, and other task demands (e.g., 
verbal or non-verbal response, etc.). This step was extremely challenging 
because, although the tasks identified for use in this study represented the full 
continuum of linguistic units utilized in phonological awareness tasks (i.e., 
syllable- to phoneme-level awareness), the full range of P A operations (e.g., 
detecting, blending, segmenting, deleting, substituting, or producing) was not 
considered. The 10 tasks included in this study were chosen because they 
offered a balance of high and low language demands (i.e., oral response versus 
pointing), and because they were appropriate for use with the age range of the 
children in the current study. 
Difficulty judgments (i.e., the place assigned to each task on the 
continuum) were based on the specific task features including: (1) the size of the 
linguistic unit of analysis (e.g., syllable, onset-rime, or phoneme) (e.g., Liberman 
et al., 1974; Treiman & Zukowski, 1996); (2) the required operation (e.g., 
detecting, producing, blending, segmenting or deletion--elision) (e.g., 
Schatschneider, Francis, Poorman, Fletcher, & Mehta, 1999; Stahl & Murray, 1994; 
Yopp, 1995); (3) the response mode (e.g., verbal or non-verbal); and, (4) the 
support/demand provided. Support/demand was operationalized as any 
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presentation format (e.g., picture prompt or forced choice), requirement (e.g., 
memory or motor demand), or prompt type (e.g., words or pseudo-words) that 
could increase or reduced the complexity of the task. Variations in the amount of 
support were also considered (e.g., three versus four items in forced-choice 
tasks). 
Linguistic unit of analysis. With regard to the first criterion, tasks were 
first organized according to the size of the linguistic unit to be manipulated (i.e., 
from largest to smallest). Tasks involving smaller units were considered more 
difficult than tasks involving larger ones (Liberman et al., 1967; Treiman & 
Zukowski, 1996). 
Challenges were encountered with some of these tasks when trying to 
categorize them by linguistic unit. For example, four of the blending items in the 
TOPEL were segmented oddly for presentation by the tester (e.g., ca-t or sew-
k). In fact, it appeared that a gating procedure, similar to those outlined in 
speech recognition studies, could easily be used by children to respond correctly 
on these items (e.g., Garlock et al., 2001). That is, because most of a word is 
presented in the first segment, "blending" the final phoneme segment provided 
by the tester would likely differ from tasks in which individual phonemes must 
be blended (e.g., /k/ /a/ It/ or /f/ /i/ /sh/). Thus, these items were categorized as 
"atypical units" and assigned a lower difficulty rating than Onset-rime and 
Phoneme Blending (i.e., Level2 versus Level3 and Level4, respectively). 
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Second, 7 of the 22 items on the phoneme segmentation task (i.e., Yopp-
Singer) are two-phoneme words comprised of a single consonant onset and a 
vowel only rime (e.g., lay, no, zoo). Thus, for these items, the segmentation task 
requires onset-rime level segmentation, not phoneme level. Although the 
scoring directions do not make this distinction, the onset-rime and phoneme 
level items were categorized separately for the post-hoc analyses. Third, during 
the administration of the phoneme segmentation task, it was not uncommon for 
a child to incorrectly segment a three-phoneme word (e.g., grew) into onset and 
rime (i.e., gr-ew). For the purpose of this study, any word segmented correctly 
into onset and rime was given a point in the onset-rime segmentation category 
established for the post-hoc analyses. Although this decision resulted in wide 
variation from child to child in the number of items recorded in the onset-rime 
category (e.g., seven items categorized as onset-rime plus up to 12 other three-
phoneme word segmented into onset-rime), scoring the Yopp-Singer items in 
this manner provided more distinct categories for creating levels of phonological 
awareness task difficulty. 
172 
Task operation. In accordance with previous research (e.g., Stanovich, 
1992; Yopp, 1988), the tasks were first sorted into two categories: Synthesis and 
Analysis. Synthesis tasks require the blending or putting together by the child of 
segments (e.g., syllable, onset-rime, or phoneme) presented by the tester, 
whereas the Analysis tasks require making judgments (e.g., Rhyme Detection), 
manipulating segments (e.g., Phoneme Segmentation or Syllable Elision), or 
producing examples (e.g., Rhyme Production). Difficulty judgments were then 
made for the tasks within the Analysis category. In keeping with previous 
research (e.g., Stahl & Murray, 1994; Stanovich, Cunningham, & Cramer; 1984; 
Yopp, 1988), production tasks were ranked as more difficult than detection tasks 
(e.g., rhyme production versus rhyme detection) and elision tasks were ranked as 
more difficult than segmentation tasks (Syllable Elision versus Syllable 
Segmentation). Finally, difficulty ratings were assigned to the tasks within the 
Synthesis (i.e., Level 1 to 4) and Analysis (i.e., Levell to 6) categories. Although 
the six levels first obtained for the Analysis tasks accounted most accurately for 
the full range of task demands, it was necessary to reduce the number of levels to 
four to obtain a more even distribution of items across the different levels. 
Response mode and task support/demand. Before the levels of 
phonological awareness task difficulty were finalized, response mode and task 
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support/demand were examined for each PA measurement item. In this study, 
the response modes included verbal or non-verbal (i.e., pointing), and motor (i.e., 
clapping) responses. Task support mcluded picture prompts and forced or 
multiple choice formats (i.e., two or four items presented, respectively), whereas 
task demands included memory requirements and motor mode responses. 
Although the linguistic unit and the required operation were the primary criteria 
used to determine task difficulty, there were a few instances when the response 
mode and/or amount of support/demand resulted in either a lower or higher 
rating. For example, Phoneme Elision (i.e., phoneme deletion) is frequently 
considered a higher-level phonological awareness task because it requires a 
complex operation on a small linguistic unit. In this study, however, half of the 
phoneme elision items required children to point to the appropriate picture (i.e., 
non-verbal response) from among four choices (i.e., multiple choice). Moreover, 
for the items requiring a verbal response, the correct response was an actual 
word (e.g., lamb) after the targeted phoneme was deleted (e.g., "What is lamp 
without /p/7"). Thus, there was semantic support for the correct response, which 
would not be the case with a task word such as lunch (i.e., "What is lunch with 
/ch/?"). The level of difficulty for this task, therefore, was reduced from Level4 
to Level3. 
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Table 13 displays the 11 phonological awareness tasks in the order of their 
estimated difficulty, by operation category. Based on an analysis of response 
mode and task support/demands, higher mean scores were expected for the 
lower level skills within each operation category. One issue in the continuum of 
P A difficulty levels first created was the varying number of items for each kind 
of task. For example, of the 27 items on the TOPEL (Lonigan et al., 2007), only 
two required blending at the phoneme level. In contrast, there were 42 Syllable 
Segmentation items (Mann & Liberman, 1984). Thus, to achieve a better balance 
in the number of items, only half of the Syllable Segmentation items were 
selected. The final selection represented the complete range of tasks included in 
the full measure and the same proportion of single, multisyllabic, and compound 
word items as in the full battery of items (see Appendix K). 
How do 3-, 4-, and 5-year-olds perform on phonological awareness tasks? 
Raw scores were generated for each participant for each task, for each 
testing point. Because the number of items varied across tasks (i.e., from 3 to 21), 
percent correct were calculated to allow for comparison. Percent correct scores 
are obtained by dividing the total number of items correct by the total number of 
possible points. Descriptive statistics for each age group at the first testing point 
(i.e., baseline) are presented in Table 14. Reliability estimates, including the 
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inter-item correlations (i.e., how highly each item correlates with each other item) 
(Newton & Rudestam, 1999) and the Cronbach alphas (i.e., internal consistency 
of the measures) were also included. Overall, the moderate-to strong 
correlations indicate that the 11 tasks were measuring the same construct. 
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Table 13 
Estimated levels of difficulty by operation, level of linguistic analysis, and task support. 
Item Estimated Response 
Linguistic Unit/Operation Total difficulty Mode Support/Demand 
Synthesis 
Syllable Blending 6 Levell nonverbal liz multiple choice (4 
verbal pictures) 
semantic support 
Atypical Unit Blending 4 Level2 nonverbal 1/ 2 multiple choice (4 
verbal pictures) 
Onset-rime Blending 3 Level3 nonverbal 2!3 multiple choice (4 
verbal pictures) 
Phoneme Blending 2 Level4 Verbal 
Ana1ysis 
Syllable Segment 21 Levell vocal-motor motor requirement 
Rhyme Detection 10 Level2 Verbal forced choice (2 word 
pairs) 
Syllable Elision 6 Level2 nonverbal liz multiple choice (4 
verbal pictures) 
semantic support 
Phoneme Elision 6 Level3 nonverbal V2 multiple choice (4 
verbal pictures) 
semantic support 
Onset-rime Segment 19 Level3 Verbal 
Rhyme Production 8 Level4 Verbal 
Phoneme Segment 15 Level4 Verbal 
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Table 14 
Obtained item difficulty including converted means, standard deviations, and reliability 
scores for phonological awareness tasks for baseline (i.e., Time 0). 
Max Sample 3-year-olds 4-year-olds 5-year-olds Inter-item 
Score (N=53) (N=17) (N=23) (N=13) Correlation a 
Synthesis 
Syllable Blend 6 .89 (.17) .80 (.22) .92 (.13) .95 (.11) .35 .83 
Atypical Blend 4 .75 (24) .66 (.23) .75 (.25) .87 (.17) .40 .83 
Onset-rime Blend 3 .61 (.32) .45 (.33) .63 (.29) .79 (.26) .47 .83 
Phoneme Blend 2 .46 (.45) .24 (.36) .48 (.49) .73 (.33) .45 .83 
Analysis 
Syllable Elision 6 .55 (.37) .25 (.25) .56 (.35) .91 (.16) .71 .80 
Rhyme Detection 10 .61 (.30) .38 (.21 ) .63(.30) .84 (.19) .69 .80 
Phoneme Elision 6 .31 (.29) .12 (.17) .29 (.28) .61 (.18) .72 .80 
Rhyme Product 8 .40 (43) 0 (0) .42 (.44) .84 (.19) .73 .79 
Syllable Seg 21 .26 (.30) .10 (.16) .30 (.36) .38 (.24) .62 .85 
Onset-rime Seg 19 .05 (.13) 0 (0) .03 (.08) .18 (.22) .57 .81 
Phoneme Seg 15 .04 (.12) 0 (0) .04 (.13) .11 (.17) .66 .81 
Consistent with extant research, an examination of baseline performance 
revealed three patterns (e.g., Adams, 1990, Anthony et al., 2003; Liberman et at 
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1974; Lanigan, 2006; Lanigan et al., 2000; Treiman & Zukowski, 1996): First a 
pattern related to age was observed. Five-year-olds consistently outperformed 
the 3- and 4-year-olds on all tasks, and 4-year-olds outperformed the 3-year-olds. 
Performance across tasks for each age group was also consistent with Anthony et 
al.' s (2003) description of phonological awareness as a series of overlapping 
stages, rather than a lock-step sequence. Second, patterns related to the linguistic 
unit of analysis were observed, particularly for the Synthesis tasks. Higher means 
were observed for Syllable Blending compared to Onset-Rime Blending, and for 
Onset-Rime Blending compared to Phoneme Blending. Third, a pattern related 
to the required operation was also evident. Specifically, for each age group, 
performance was consistently better on the Synthesis tasks compared to the more 
challenging Analysis tasks (e.g., Stahl & Murray, 1994; Stanovich et al., 1984; 
Yopp, 1988). Within the analysis tasks, each age group performed markedly 
better on Rhyming Detection compared to Rhyming Production (Table 14). In 
fact, none of the 3-year-olds produced a single rhyme accurately at the start of 
the study. Finally, a pattern related to task support/demands was also observed 
(e.g., Stahl & Murray, 1994; Yopp, 1988). That is, when additional support was 
provided (e.g., forced-choice) and/or the demands were low (e.g., non-verbal 
response), higher mean scores were often observed. Determining the role of task 
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support/demand in performance, however, is not straightforward. Moreover, it 
is often confounded with response mode. The issues related to task 
support/demand are discussed further below. 
Comparing the results reported in Table 14 with the estimated levels of 
difficulty in Table 13 indicates that the children primarily performed as 
predicted. That is, lower mean scores, represented as the mean percent correct, 
were recorded for the more difficult tasks, with one notable exception -Syllable 
Segmentation. Specifically, 3- and 4-year-olds unexpectedly performed equally 
well on the Syllable Segmentation and Phoneme Elision tasks, while 5-year-olds 
performed better on the latter (as expected). A closer inspection of these tasks 
revealed that the results for the 3- and 4-year-olds might have been due to the 
response mode and task support/demand for the Phoneme Elision task, which 
made it simpler than one might expect. Specifically, the phoneme elision task 
includes picture prompts and forced choice on half of the items. On the 
remaining three items, although pictures are not provided, the correct response 
is always a real word (e.g., "What is team without the /m/?"). Perhaps some 
younger children complete this task using global sound similarities (Gombert 
1992; Muter et al., 1997), not the more complex, two-step manipulation of 
segmenting the last phoneme from the word and then deleting it. For example, 
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they might have pointed to the picture of tea steaming in a cup because its name 
"sounds the most like" the target word in the prompt: "Point to tease without 
/z/" (i.e., teas). Five-year-olds, on the other hand, with more PA skill from which 
to draw, and perhaps more experience with P A tasks in preschool, might have 
engaged in the more complex P A manipulations, with some 5-year-olds 
successful and others less so, making the Phoneme Elision task performance 
lower than the Syllable segmentation task. 
It also appears that when meaningful segments are used, the cognitive 
inhibition demands of the Phoneme Elision task are reduced. Phoneme Elision 
tasks would typically offer additional challenges for very young children 
because they require disregarding a well-established or preferred response (i.e., 
saying a word as children always do when speaking it) in order to provide an 
unfamiliar response (i.e., say "a little bit" of a word) (see Harnishfeger, 1995 for a 
review). Inhibition would ordinarily be difficult for 3- and 4-year-olds, but 
might have been diminished in this case, which allowed these relatively young 
children to perform better than expected on this item. 
In comparison, Syllable Segmentation tasks involve not only larger 
linguistic units, but also differences in task support/demands and response 
mode, which can increase the task difficulty considerably. Specifically, an 
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accurate response in some tasks requires the child to clap (i.e., motor demand) at 
each syllable juncture (i.e. syllable level phonological awareness). Yet, to do this, 
a child must hold the word in memory as she segments it (i.e., memory demand). 
The response mode (i.e., clapping) also increases the task difficulty. Thus, the 
response mode for the Syllable Segmentation tasks would have increased its 
difficulty beyond what would be expected when considering size of linguistic 
and operation, alone. 
During the administration of this task all but one of the participants 
responded by clapping while simultaneously repeating the target word. 
Repeating the word while clapping offers a new motor demand, because the 
clapping must be appropriately timed in order for the word to be segmented 
accurately. Thus, although the response mode was originally recorded as "motor 
(i.e., clapping)/' vocal-motor match is a more accurate description of how the 
children must respond. Why the participants consistently repeated the target 
word is unclear. Perhaps they were simply mimicking what was modeled when 
the task was introduced (e.g., "Listen to the word, but-ter-fly. Butterfly has 3 
syllables or claps. Did you see how I clapped 3 times?"). Or, perhaps they 
unconsciously repeated or sub-vocalized the target words to cope with memory 
demands (Baddeley, 1996), or to somehow aid segmentation. 
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The next step was to examine changes in performance over the year of the 
study. To begin, the percentages of children who performed at floor on each of 
the tasks were examined (Table 15). Although the number of participants in each 
age group was small at baseline (i.e., N = 17, 23, and 13 for 3-, 4-, and 5-year-olds, 
respectively), an examination of the data revealed some interesting trends. First, 
at the beginning of the study, none of the 3-year-olds could produce any rhymes 
on the Rhyme Production task (i.e., raw score= 0). By Time 3, however, 80% of 
the 3-year-olds produced at least one rhyme accurately. Rhyme production for 
the 4-year-olds increased from 60% at baseline to 95% a year later (i.e., Time 3). 
All of the 5-year-olds (i.e., 100%) produced at least one rhyme accurately at the 
beginning of the study. 
In contrast to Rhyme Production, performance on the Yopp-Singer (i.e., 
onset-rime or phoneme segmentation) changed little for 3- and 4-year-olds over 
the year of study. Initially (i.e., Time 0), none of the 3-year-olds and only 17% of 
the 4-year-olds could segment a word into onset/rime or phonemes (i.e., raw 
score equal to zero). A year later, only 5% of the 3-year-olds, but 38% of the 4-
year-olds were successful on this task. For the 5-year-olds, only 38% could 
complete the task at baseline, while 80% could by the final testing point, 
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Table 15 
Percentages of 3-, 4-, and 5-year-olds that successfully completed at least one item. 
TimeO Time3 
3-year- 4-year- 5-year- 3-year- 4-year- 5-year-
olds olds olds olds olds olds 
N=19 N=24 N=13 N=18 N=21 N=lO 
Synthesis Tasks 
Syllable blending 100 100 100 100 100 100 
Onset-rime blending 84 100 100 89 100 100 
Phoneme blending 37 58 92 56 81 90 
Analysis Tasks 
Syllable elision 68 87 100 100 100 100 
Syllable segment 47 79 92 83 100 100 
Rhyme detection 89 96 100 100 100 100 
Rhyme production 0 58 100 78 95 100 
Phoneme elision 42 75 100 83 100 100 
Phoneme segment 0 17 38 6 38 80 
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How is performance related to vocabulary knowledge? 
The second aim of the post hoc analyses was to investigate the 
interrelations among phonological awareness tasks and receptive and expressive 
vocabulary performances. This question was examined through a series of 
correlations and comparisons conducted using the sample as a whole and also by 
age- and vocabulary-group (e.g., above or below the mean). 
Expressive and receptive vocabulary: Correlation-level analyses. First, 
bivariate correlations for each PA task and receptive and expressive vocabulary 
were computed. Appendix L contains the correlations in order of performance 
for the entire sample (see Table 14). The Atypical Units task was removed from 
all analyses because it is not a common phonological awareness measure. Onset-
rime segmentation was also removed because the number of items varied so 
dramatically for each child. 
As Table 15 shows, Receptive vocabulary was significantly correlated with 
the majority of the tasks, with the exception of Syllable Segmentation (r=.19). The 
highest correlations were observed for Syllable Elision (r=.72) followed by 
Rhyme Production (r =.63, p value). The lack of a relationship between Syllable 
Segmentation and receptive vocabulary was interesting given the inter-item 
correlations between Syllable Segmentation and Syllable Elision (r =.52, p value), 
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as well as between Syllable Elision and receptive vocabulary (r = .61, p value). 
Expressive vocabulary was moderately- to strongly related to all of the P A tasks 
and most strongly related to the Syllable Elision (r = .72), Rhyme Production (r = 
.63), and Rhyme Detection (r = .61) measures. The PA tasks with the lowest 
correlations with expressive vocabulary were Syllable Blending (r = .28) and 
Phoneme Segmentation (r = .39). The low correlations were not surprising. First, 
some evidence suggests that children can complete simple blending tasks by 
using global sound similarities (e.g., Gombert, 1992; Muter et al., 1994), 
particularly when picture prompts are used (e.g., Swingley & Aslin, 2007). 
Second, performance on the Phoneme Segmentation task was very low at the 
first testing point (see Table 15). Thus, the lower than expected correlation may 
be due to floor effects. Phoneme Segmentation is also discussed in a later section. 
For ease of comparison, the correlation coefficients between receptive and 
expressive vocabulary and each P A task are displayed in a bar graph (Figure 
10). 
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Figure 10. A comparison of the correlations between receptive and expressive 
vocabulary on phonological awareness tasks at baseline (i.e., Time 0). 
Visual inspection of Figure 10 suggests that the size of the correlations 
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between phonological awareness and each form of vocabulary varies with task 
difficulty. In fact, when the tasks are arranged by obtained item difficulty for the 
entire sample (Table 15), a Gaussian or normal curve shape is evident. This 
shape suggests that both increases and decreases in the relations between the 
vocabulary predictors (i.e., receptive vocabulary and expressive vocabulary) and 
P A task performance may be explained by variations in P A task difficulty. 
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Next, the difference between the correlation coefficients for vocabulary 
predictors and each P A task was explored by subtracting the larger Pearson r 
from the smaller (i.e., difference scores). With only two exceptions (i.e., Rhyme 
Production and Phoneme Elision), the differences scores were larger for 
expressive vocabulary (range = 0 to .23). Although none of these differences 
reached statistical significance, which may be due to sample size, there were 
some interesting findings. For example, the difference scores between P A task 
and expressive vocabulary was largest for Syllable Segmentation and Phoneme 
Segmentation-the two most difficult tasks (i.e., .23 and .9 differences, 
respectively), as well as for Syllable Elision, the task most strongly related to 
expressive vocabulary (i.e., .9 difference). Taken together, the results of the 
correlation-level analyses indicated that, although both receptive and expressive 
vocabulary are correlated with performance on most P A tasks, the correlations 
with expressive vocabulary were sh·onger, though not significantly, particularly 
for the most difficult tasks. 
Expressive vocabulary and PA tasks: Group-level analyses. To examine 
differences in task performance related to expressive vocabulary, the sample was 
divided at the mean into High performance and Low performance on expressive 
vocabulary scores (i.e., one group above the mean; the other group below the 
mean, at the first and final testing point). Keep in mind that, although the 
groups were categorized as High and Low Performance groups, all of the 
participants were typically developing with age-appropriate expressive 
vocabulary scores. These data are not being used to compare children with 
average vocabulary abilities to children with below average abilities. 
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As depicted in Table 16, the mean age for the High group was higher (in 
months) than the Low group (i.e., 43 compared to 51 months at Time 0 and 53 
compared to 63 months at Time 3). The mean percent correct scores, as well as 
the difference between the scores, were then calculated for each group for each 
P A task. As noted previously, the Atypical Unit task was not included in this 
analysis because it is not commonly used. 
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Table 16 
Mean percent correct scores and calculated differences in performance by vocabulary 
performance group (High v. Low) for the first and final testing point. 
TimeO Time3 
Max High Low Percent Low High Percent 
Score (N=28) (N=28) difference (N=25) (N=27) iifference 
Synthesis 
Syllable Blend 6 .83 .92 .09 .97 .99 .02 
Onset-rime Blend 3 .49 .72 .23 .59 .83 .24 
Phoneme Blend 2 .35 .59 .24 .54 .63 .09 
Analysis 
Syllable Deletion 6 .35 .72 .37 .76 .90 .14 
Phoneme Elision 6 .17 .45 .28 .51 .70 .19 
Rhyme Detection 10 .43 .70 .30 .76 .88 .12 
Syllable Segment 21 .15 .33 .18 .50 .63 .13 
Rhyme Production 8 .17 .60 .43 .53 .78 .25 
Phoneme Segment 16 0 .08 .08 .09 .21 .11 
Several patterns of interest were observed. First, the High group achieved 
higher group means on all P A tasks at both the beginning and the end of the 
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study. Second, at baseline, the greatest performance differences were observed 
on the Syllable Deletion and Rhyme Production tasks (i.e., 37% and 43% 
difference between the groups, respectively)-the same two tasks for which the 
strongest correlations with expressive vocabulary were observed (r = .72 and 
r=.63, respectively, Figure 11; see also Appendix L). The tasks with the smallest 
performance differences at baseline were Syllable Blending and Phoneme 
Segmentation-the same two tasks that showed the smallest correlations with 
expressive vocabulary (r = .28, p value and .39, p value, respectively). Lastly, 
performance differences decreased from Time 0 to Time 3, as mean scores 
increased for both groups on all PA tasks (see Figure 11). 
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Phonological Awareness Tasks 
Figure 11 . Comparison of performance on phonological awareness tasks for High 
and Low performance groups in expressive vocabulary. 
Summary of the Post-Hoc Results 
The exploratory post hoc analyses were conducted to explain change in 
the relationships between phonological awareness and receptive and expressive 
vocabulary that were identified by the growth models. The results of the post 
hoc analyses suggest that higher levels of expressive vocabulary (i.e., higher 
scores on the measures) are likely required to complete phonological awareness 
tasks involving the most difficult operations and higher task demands, even if 
the level of linguistic unit in a task is large. 
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Based on the theory of lexical reorganization, it was hypothesized that if 
lexical reorganization is the only catalyst for attainment of higher levels of 
phonological awareness skill, then the three research hypotheses stated 
previously must be supported. First, it was expected that, on tasks involving 
smaller linguistic units (e.g., phonemes), performance differences between older 
(i.e., 4- and 5-year-olds) and younger (i.e., 3-year-olds) age groups should be 
larger than performance differences on tasks involving larger linguistic units 
(i.e., syllables and onset-rime units): This finding was only partially supported. 
Higher levels of performance were typically observed for: (1) older 
children; (2) larger linguistic units; and (3) less challenging operations (e.g., 
blending vs. segmentation). However, variations in task support/demands 
frequently "disrupted" these patterns (e.g., Syllable Segmentation versus 
Phoneme Deletion). That is, as the operation/task demands increased (e.g., 
additional memory and/or motor demands), performance usually decreased, 
particularly for younger children. When all of the task features (i.e., linguistic 
unit, operation, response mode, and task demand/support) were considered, 3-
year-olds typically performed well on tasks involving larger linguistic units, 
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although they could also perform well on tasks involving smaller linguistic units 
if the task support was high (e.g., pictures, forced choice, segments that were 
actual words), and/or the task demands were low (e.g., pointing or detection) not 
high (e.g., verbal response or segmentation). Children may also inadvertently 
(i.e., without deliberating at all about it) reduce task demands by using global 
sound similarity (e.g., Gombert, 1992) or memory aides (e.g., sub-vocalizing) 
(Baddeley, 1996). 
With regards to the second research hypothesis and the LRT, it was 
expected that when the P A task requirements included operations with smaller 
linguistic units (e.g., phonemes), the performance of children with higher levels 
of expressive vocabulary (e.g., above the mean) should exceed that of children 
with lower levels (e.g., below the mean). This hypothesis was supported for the 
less difficult tasks, but not for the more complex tasks. For example, larger 
group-level differences were observed with regards to expressive vocabulary 
when Phoneme Blending (24% and 9% at Time 0 and Time 3, respectively) was 
compared to Syllable Blending (9% and 2%, respectively), but not when Syllable 
Elision (37% and 14% at Time 0 and Time 3, respectively) was compared to 
Phoneme Elision (28% and 19%, respectively). Moreover, the performance 
differences were comparatively low for Phoneme Segmentation (8% and 11% at 
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Time 0 and Time 3, respectively)-the task on which the largest difference by 
vocabulary group was expected. This result is also inconsistent with the claims 
of the LRT. Given the small sample size, replication with a larger sample is 
required before conclusions can be drawn. 
With regard to the third research hypothesis and the LRT, it was expected 
that performance differences related to expressive vocabulary size should 
increase little, if at all, as task difficulty increases, even as the required operations 
vary across tasks. This hypothesis was not supported. Variations in both the 
size and strength of the correlations between the vocabulary predictors and each 
P A task, as well as the results of the High/Low performance group-level 
comparisons suggest that some P A tasks more than others require children to 
draw from their expressive vocabulary stores. For example, the largest 
vocabulary group performance differences were observed on Rhyme Production 
at both baseline and at Time 3. Thus, although performance on Rhyme 
Production improved considerably over the course of the study (see Table 16), 
performance differences were most evident when expressive vocabulary skill 
was considered. This finding was not unexpected because Rhyming Production 
was the only task that required children to draw from their vocabulary stores 
and produce an appropriate word. 
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In sum, the results of the post-hoc analyses suggest that larger expressive 
vocabulary stores are likely required to complete phonological awareness tasks 
involving the most difficult operations and higher demands, even if the linguistic 
unit is large (e.g., Syllable Elision). Thus, the LRT, with its central focus on 
lexical reorganization, might not provide the full foundation needed for 
phonological awareness development. 
General Discussion and Conclusions 
The present study modeled growth in phonological awareness and its 
relations to receptive, expressive, definitional vocabulary and grammatical skill 
in preschool and kindergarten age children. Individual growth curve modeling 
was used to simultaneously examine the contributions of each form of 
vocabulary knowledge. In many respects, the final model replicated findings 
from earlier studies of younger children (Schwartz et al., 2006), as well as the 
findings from cross sectional research (e.g., Metsala, 1999). As expected, 
receptive and expressive vocabulary, but not definitional vocabulary, predicted 
phonological awareness development. In the current study, grammatical skill, as 
assessed by a morphological closures task (Muter et al., 2004), was also 
predictive of growth in phonological awareness. 
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An interesting difference in the relationship between phonological 
awareness and receptive versus expressive vocabulary, however, was evident: In 
the 3-year-olds, but not in the 4- and 5-year-olds, receptive vocabulary had an 
additional effect on phonological awareness growth. Although causality cannot 
in any way be assumed based on the growth models, this finding is congruent 
with the claims of the LRT. That is, in this study, growth in receptive vocabulary 
was linked to the development of phonological awareness. The current study 
also found that, starting at 4 years of age, the power of expressive vocabulary to 
predict phonological awareness increased. This finding suggests that 
phonological awareness is related somewhat differently to receptive vocabulary 
versus expressive vocabulary, depending on the specific phase of phonological 
awareness development. Moreover, this finding is not explained by the LRT. 
In the post-hoc analyses, in which the role of expressive vocabulary in 
phonological awareness was examined further, expressive vocabulary was 
moderately- to strongly related to performance on all phonological awareness 
tasks, particularly as the task (e.g., Syllable Segmentation) or verbal demands 
increased (e.g., Rhyme Production). Thus, it appears that some P A tasks require 
children to draw from their expressive lexicons more than is the case for other 
PA tasks. 
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It may be the case that expressive vocabulary size interacts with task 
demands. For example, consistent with Metsala's (1999) finding of a relationship 
between receptive vocabulary size and performance on some phoneme blending 
tasks, larger receptive vocabularies (i.e., minimal familiarity with many words) 
may provide enough support for performance on phonological awareness tasks 
when task demands are low. On the other hand, increases in the size of the 
expressive lexicon (i.e., more and more words familiar enough for the child to 
speak) may be required for good performance on P A tasks with higher-level 
operations (e.g., segmentation or elision), particularly when task demands are 
higher (e.g., verbal or vocal-motor modes of response). Moreover, expressive 
level knowledge is likely to support performance on tasks with high memory 
demands (e.g., Syllable Segmentation) because words known well enough for a 
child to use them should be easier to hold in memory while the child performs 
the required operation (Baddeley, 1986). 
It might also be the case that expressive vocabulary interacts with the 
specific words used in a P A task. For example, although the observed means 
indicated that Syllable Elision was a more difficult task for the sample than were 
the Phoneme Elision tasks, Syllable Elision was more strongly related to 
expressive vocabulary (r = .72 and r= .55, respectively) than was Phoneme 
Elision. Additionally, larger vocabulary group differences were also observed 
for Syllable Elision (37% and 28% difference between the High and Low 
Performance groups). 
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One notable difference between these two tasks was in the kind of words 
used. Specifically, the words in the Syllable Elision task are multisyllabic, 
compound words, (i.e., sunflower, snowshoe, seesaw, shoelace, playground, and 
driveway), whereas the words in the Phoneme Elision task are single syllable 
words (i.e., lamp, shoot, tease, heat, raid, team). Presumably, the two words that 
comprise the compound words are tightly linked semantically (e.g., rainbow). 
Thus, in addition to the cognitive inhibition demands inherent in any elision task 
(see Harnishfeger, 1995 for a review), if a child is to provide (i.e., say) only one 
segment of a compound word, while deleting the other, this may present 
additional vocabulary demands. First, the remaining segment is semantically 
different from the target (e.g., bow), and, second, the remaining segment may not 
be in the child's expressive vocabulary. 
The results of the growth model and post hoc analyses indicated that 
receptive and expressive vocabulary, and grammatical skill are significant 
predictors of phonological awareness during the preschool and kindergarten 
year. They also indicated that the predictive power of expressive vocabulary 
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increases for higher level phonological awareness tasks. I interpreted my study's 
findings as suggesting that phonological awareness is likely reliant not only 
upon receptive vocabulary to support lexical re-organization (i.e., segmental 
storage of words), but also upon expressive vocabulary to support cognitively 
demanding operations and task demands of the kinds required in higher-level 
phonological awareness tasks. Thus, the findings of this study suggest that 
lexical reorganization could be necessary, as the LRT asserts, but perhaps not 
sufficient to account for children's development of phonological awareness, from 
its initial to later phases. This hypothesis must be explored, of course, in future 
research to determine its validity. 
Limitations 
This study had several limitations related to the sample, the measures 
used, and internal validity. First, the longitudinal sample was not large. In this 
study, 61 participants, divided into three age groups (3-, 4-, and 5-year-olds), 
were assessed in phonological awareness and vocabulary over four time points 
that spanned one year. A sample of this size placed constraints on both the 
growth analysis and the post hoc analyses, because the cell size within each age 
group was small. Increasing the number of participants would improve the 
predictive power and reliability of the growth models and the post hoc analyses. 
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Based on experience with testing these data, a minimal sample size of at least 120 
children would be more idea, with equal numbers of three age groups. To 
further improve the estimation of the models, at least one more testing point 
could be added. 
Second, the participants were recruited from only two early childhood 
centers that primarily enroll Caucasian children from middle- to upper-income 
families. All of the participants also spoke English as their primary language and 
had vocabulary scores in the average- to above-average range. Although this 
sample was intentionally selected so that growth in P A and vocabulary could be 
studied under ideal conditions, the sample was not representative of the entire 
preschool population in the United States. Thus, the findings from this study 
need to be replicated using larger, more heterogeneous samples that include 
more participants, participants with varying levels of vocabulary skill, and 
participants from economically- and ethnically- diverse backgrounds. 
There were also several limitations related to the phonological awareness 
tasks included in the analyses, even though these tools are frequently used in 
both research and for classroom assessments (e.g., Test of Preschool Early 
Literacy, Yopp-Singer Phoneme Segmentation). First, difficulties related to the 
linguistic unit of analysis were encountered. For example, on the Yopp-Singer, 
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approximately one third of the items require only onset-rime-, not phoneme-
level segmentation. On the TOPEL, a different difficulty was encountered. 
Specifically, four of the blending items could not be categorized with any 
certainty as syllable-, onset-rime-, or phoneme-level. A separate category was 
added to the continuum of task difficulty (i.e., Atypical Unit Blending); however, 
its inclusion does little, if anything to advance our understanding of PA 
development. 
There was also considerable variation in the number of P A task items 
drawn from some measurement tools for use in the post-hoc analyses to measure 
the different levels of phonological awareness. As a consequence, some cell sizes 
were very small, while others were quite large. For example, of the 27 items in 
the Phonological Awareness subtest of the TOPEL, only two required phoneme-
level blending, whereas six required syllable-level blending. A second difficulty 
was that task support/demands and response mode varied widely on the tasks 
used, making it challenging to rank them by difficulty level. Third, although 
additional phonological awareness tasks may have offered a more complete 
overview of development, due the age of the participants, the assessment 
measures selected for the main study were limited by what could be reasonably 
accomplished in two 30-minute sessions. Given that the PA task data for the 
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post-hoc analyses was drawn from the data obtained in the main study, the post-
hoc P A tasks were not the most ideal set for probing the questions for which 
answers were sought. 
There was also an issue related to the definitional vocabulary measure. 
The tool was designed for use with children who did not exceed the age of 5 
years and 11 months. Thus, the 5-year-olds in the current study approached the 
upper age limit of the measure early in the study. Unfortunately, few reputable 
measures of definitional vocabulary were available at the beginning of this study 
for use with preschool- and kindergarten-aged children. 
A final limitation of the study concerns the internal validity of its results. 
Specifically, the research design was not intended to examine causal relations 
between the variables. Rather, the purposes were to describe the relations 
between phonological awareness and the vocabulary variables, and to examine 
how these relations change over one year. Although the results of the current 
study offer insight into the predictive relations between phonological awareness 
and vocabulary, additional studies that employ experimental, hypothesis-testing 
designs are required before any causal conclusions can be drawn. 
Implications 
The results from both the main study and the post hoc analyses have 
implications mostly for future research, not for early childhood practices. 
Nevertheless, a few cautious words will be offered about implications for 
classroom practices, before the implications of the current study for future 
research are discussed. 
Implications for Classroom Practices 
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This study, like many studies conducted before it, found strong 
relationships between oral vocabulary size and phonological awareness. 
Although this study cannot support the conclusion that this relationship is causal 
(i.e., increasing vocabulary size leads to greater P A development), it does suggest 
that early childhood teachers and program developers might want to consider 
carefully their use of curricula that assume phonological awareness comes 
primarily or only from explicit instruction on phonological awareness tasks, and 
the amount of instructional time they devote to these tasks, while devoting little 
time to oral vocabulary development. In the event that the relationship between 
oral vocabulary and phonological awareness is causal, a more balanced 
instructional approach might be prudent. 
Moreover, because this study also found an increasingly stronger 
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relationship between expressive vocabulary and phonological awareness, in 
older children (i.e., 4-, and 5-year-olds), compared to younger children (i.e., 3-
year-olds), a classroom focus on expressive level knowledge of words, when 
supporting children's vocabulary development, rather than a focus primarily or 
only on receptive level knowledge, would seem wise (i.e., might assist children 
in achieving the higher levels of phonological awareness). Given that expressive 
level vocabulary knowledge is also known to provide better support than 
receptive knowledge for reading comprehension (NELP, 2008), a move toward at 
least this level of vocabulary knowledge is already warranted for the early years. 
The possibility that expressive level vocabulary knowledge might support the 
development of phonological awareness provides a second reason for teaching 
vocabulary knowledge beyond the receptive level. 
Implications for Future Research 
The implications for future research include recommendations for three 
distinct, yet related lines of investigation. First, future research is needed to 
delineate the actual levels of difficulty in phonological awareness tasks used with 
young children. Second, the role of receptive and expressive vocabulary on P A 
performance needs to be specified. Third, the longitudinal scope of the present 
study should be extended 
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Identify a Continuum of PA Task Difficulty. Currently, various 
measurement tools, if used together, as in the current study, provide material 
from which a continuum of phonological awareness tasks can be created. But, as 
already discussed, it is difficult to create an ideal, fine-grained continuum of tasks 
using currently available items. Moreover, the presumed difficulty level of each 
task, obtained at first in this study by analyzing each task in relation to multiple 
criteria, must be tested by research. As was found in the post hoc analyses for 
the current study, some tasks were easier or more difficult than expected when 
judgments were based on criteria used initially to place each one into a 
continuum. 
Other researchers (e.g., Cassady, Smith, & Pullman, 2008; Hogan, 2010) 
have documented issues related to phonological awareness assessments. For 
example, Cassady et al. claim that, "disparate findings in the research on 
phonological awareness development have their roots in limitations imposed by 
instrumentation or measurement" (p. 530). Although these researchers' main 
concern was for adequate assessment tools to inform targeted P A instruction and 
to identify potential reading difficulties, it is also important to have fine-grained 
P A measures for use in conducting research on vocabulary and P A relationships. 
206 
Although there is considerable research on the developmental progression 
of phonological awareness related to the linguistic unit of analysis in tasks 
(Liberman et al., 1974; Stahl & Murray, 1996; Treiman & Zukowski, 1996), plus 
additional research on how phonological awareness should be operationalized 
and defined (e.g., a single construct) (Anthony et al., 2003; McBride-Chang, 1995; 
Stahl & Murray, 1994; Stanovich et al., 1994), we presently lack a sufficient 
research base that disentangles the effects of linguistic unit, required operation, 
response mode, and task support/demands on P A task difficulty, which clouds 
the interpretation of performance scores. 
VVhen conducting research that seeks to understand the relationships 
between vocabulary and phonological awareness, and especially the relationship 
between expressive-level vocabulary and development of higher-level 
phonological awareness, it is important to know exactly what each P A task 
measures, and where it actually falls on a continuum of PA task difficulty. Such 
a "research battery" of phonological awareness tasks would be immensely useful 
for future studies of vocabulary and phonological awareness, but does not now 
exist. Moreover, studies that systematically vary linguistic unit, operation, and 
support/demand, across tasks administered to the same children, may constitute 
a necessary first step toward attaining the long-term goal of improving the 
reliability and predictive validity of phonological awareness assessments. 
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Specify the Role of Vocabulary in PA Performance. Future 
investigations must also examine how receptive- and expressive-level knowledge 
of specific words impacts performance on P A tasks across a range of difficulty, as 
well as why poor expressive vocabulary is a limiting factor in PA performance 
(Whiteley et al., 2007). For example, it would be useful to know the extent to 
which children's familiarity with the specific words used on an assessment (i.e., 
receptive or expressive knowledge), as well as the child's overall vocabulary size, 
impacts performance on PA tasks across a range of difficulty. 
The relationship between familiarity (i.e., high vs. low AOA) and 
performance on PA tasks has already been explored in research (e.g., Metsala, 
1999; Sosa & Stoel-Gammon, 2012). In fact, evidence suggests that performance 
on PA tasks is higher for more familiar (i.e., lower AOA words). An important 
caveat, however, is that, in AOA studies, the familiarity ratings are assigned to 
the words based on studies of general vocabulary development in young 
children. Any participant's actual familiarity with a word on a P A tasks is not 
examined. As a result, we know little about the word-level vocabulary demands 
of PA tasks frequently used in research (or in classroom practice). 
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We also do not know how task difficulty interacts with vocabulary 
knowledge. For example, does familiarity with the word knob support syllable 
elision (e.g., "What is doorknob without door?"), but not phoneme elision (e.g., 
"What is snob without /s/"), when the deleted segment is not itself meaningful? 
If in the first case (syllable elision) it matters that both syllables are meaningful 
words, are different levels of knowledge (i.e., receptive or expressive) 
differentially supportive for these tasks? In the second case (phoneme elision), 
how might a completely different word (i.e., meaning) obtained after the 
phoneme deletion matter for task difficulty. 
Future research might address these issues by assessing children's level of 
familiarity with words used in each PA task in a battery used, either before or 
after administering a battery of P A tasks, to determine the number of words 
known at the receptive and the expressive levels, as well as the number of words 
not known at all. Item-level analyses could then examine the relationships 
between these specific measures of receptive-level and expressive-level 
vocabulary knowledge and performance on easier and more difficult tasks, in 
addition to the general measures of both receptive- and expressive-level 
vocabulary, using standardized tests. This approach would provide more 
accurate data about the relationships between P A development and receptive 
and expressive vocabulary development. 
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Other investigations are needed to determine whether vocabulary 
knowledge is causally related to PA. For example, an experimental design in 
which word learning support is systematically varied across groups, could be 
particularly useful in examining if increases in a specific level of vocabulary (i.e., 
receptive or expressive) results in a corresponding increase in phonological 
awareness skill (i.e., if the relationship between vocabulary and PAis causal). In 
the first step, a series of unfamiliar words should be identified for inclusion in a 
series of phonological tasks designed to cover a range of difficulty levels. (These 
might need to be pseudo words that are taught as labels for odd objects shown in 
pictures, to reduce the difficulty a researcher might have in finding enough 
unknown, actual words.) Next, vocabulary instruction would be provided to 
support receptive-level understanding for each word for one randomly assigned 
group of preschoolers and to support expressive-level understanding for another 
randomly assigned group. A third, control group should not receive any 
vocabulary instruction on words used. 
Extend the longitudinal scope. Lastly, although the youngest 
participants in the current study were three years old, children as young as two 
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can successfully complete some phonological awareness tasks (e.g., Lonigan et 
al., 1998). Therefore, it might be useful to examine the relations between 
phonological awareness/sensitivity, beginning in in the toddler years (i.e., 2-
years-old) and continue through kindergarten age. 
The use of measures such as mispronunciation tasks, along with other 
measures of PA sensitivity (see Schwarz and colleagues; 2006), are appropriate 
for use with very young children. Moreover, when combined with measures of 
receptive and expressive vocabulary, they could be used to extend the results of 
the current study. 
The studies suggested here are just a few of the investigations needed to 
provide a much-needed overhaul of phonological awareness assessments and to 
deepen our understanding of the relationships between phonological awareness 
· and vocabulary. The knowledge gained through future research along the lines 
of studies described here could fill in important information about the adequacy 
of the theory of lexical reorganization as an explanation for the developmental of 
phonological awareness. 
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212 
Appendix A 
Parent and Child Participation Agreement. 
I am conducting my doctoral research on how vocabulary and phonological 
awareness develop in preschool and kindergarten children (ages 2.9- 5.11). I am 
looking for 60+ families to participate in this research study. The purpose of this study 
is to use individual growth modeling to examine how children's literacy and language 
abilities change over a year and whether or not there are patterns in how these abilities 
develop and change. Participation can provide important information about literacy 
and language development and may have important implications of early childhood 
classroom instruction. If you agree to participate I am asking you to: 
1. Provide permission for me and my research assistant to assess your child using 
high-caliber, standardized measures of literacy and language knowledge four 
times over the next 12 months. This will take approximately one hour during 
each round of assessments and will occur over two sessions. 
2. Fill out a brief informational form that provides background information about 
your child and provide the necessary contact information. 
All of the information collected for this study will be kept in strict confidence. Only 
the primary researcher and my doctoral dissertation committee will have access to 
the information gathered. At the conclusion of each round of assessments, general 
trends in the children's performance will be shared with XXXXXXX director, XXXX 
XXXXX, so that she may develop professional development opportunities that allow 
teachers to tailor their instructional activities to best meet the needs of participating 
children. No names will be mentioned in this report. 
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Analysis and interpretation of the results will be presented in a final report (i.e., 
doctoral dissertation). Within this report, children, parents, or XXXXXX school will 
not be identified by name. You will have the opportunity to comment on the final 
report and to review any assessments your child completed. 
Your participation is voluntary and, of course, you can withdraw from the study at 
any time. You will receive a signed copy of this consent form. 
If you have any questions about the study or your participation in it, either now or at 
any time in the future, please contact Christina Cassano at XXX-XXX-XXXX (cell). 
I,-·------------------- parent/guardian of 
---------------------------' agree to participate in 
the study described above. I understand that it is my right to ask for clarification 
and ask questions of the researchers and also to withdraw from the stud at any time 
during the course of the study. 
Parent's Signature Date 
Researcher's Signature Date 
Contact Information (to aid in planning for child assessments): 
Child's Name _____________ Classroom. _______ _ 
School Schedule (days/times). _______________ _ 
Parent Phone number: ____________________ _ 
214 
Appendix B 
Non-standardized Assessments 
Rhyme Production (Used with permission from Fernandez-Fein & Baker, 1997) 
Child's Name: __________ _ Date: 
------------------
Rhyme Production: Write the word the child says in the space provided. Then mark C for 
correct responses and X for incorrect responses 
Practice item: bed __ top __ 
Test items: 
Phrasing: What rhymes with __ ? 
cat _______ _ goat _______ _ 
tail ______ _ bell ___ _ 
fun ____ _ hit 
-----
light __ _ nap ____ _ 
Total# Correct: 
Researchers' Comments: 
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Rhyme Detection (Used with permission from Fernandez-Fein & Baker, 1997) 
Child's Name: __________ _ Date: ________ _ 
Rhyme Detection: Mark C for a correct response and X for an incorrect response 
Practice items: bat pig mat 
shell shop band __ 
Test items: 
Phrasing: Does __ rhyme with ___ or does ___ rhyme with __ ? 
cat hat bell 
fish dish book 
arm bus farm 
sand hand cup 
hen car pen 
wall dog ball 
boat goat head 
hill pill duck 
sock bed rock 
sun toy fun 
Total# correct: 
Researcher's Comments: 
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Morphological Generation Task (Muter et al, 1994) 
1. Here is a banana. Here are three ... (bananas) 
2. Here is a dog. Here are three .. . (dogs) 
3. Here is a tree. Here are three ... (trees) 
4. Here is a flower. Here are three .. . (flowers) 
5. Here is a hand. Here are two ... (hands) 
6. Here is a knife. Here are two ... (knives) 
7. Here is a leaf. Here are two ... (leaves) 
8. Here is a man. Here are two ... (men) 
9. Here is a mouse. Here are three ... (mice) 
10. Here is a foot. Here are two ... (feet) 
11. This boy likes to climb ... Here is the rock he ... (climbed) 
12. This boy likes to dig. Here he is ... (digging) 
13. This girl likes to drink. Here she is ... (drinking). 
14. This man likes to paint. Here he is ... (painting) 
15. This girl likes to ride. Here she is .. . (riding) 
16. Santa carries his sack. Here is the sack Santa .. . (carried) 
17. The girl sees the birds. Here are the birds she ... (saw) 
18. The burglar steals the jewels. Here are the jewels he . . . (stole) 
19. The man brings the flowers. Here are the flowers he . . . (brought) 
20. This boy likes to write. This is what he .. . (wrote) 
21. This man found something. Here he is pointing to what he . .. (found) 
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22. The lady went to shopping to buy the groceries . . . Here is what she .. . (bought) 
23. The lady falls on the banana peel. Here is the banana peel on which she .. . (fell) 
24. This girl keeps pets. Here is the puppy she ... (kept) 
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Yopp-Singer Test of Phoneme Segmentation (Yopp, 1995) 
Name Date 
------------------------------
------
Directions: Today we're going to play a word game. I'm going to say a word and I 
want you to break the word apart. You are going to tell me each sound in the 
word in order. For example, if I say "old," you should say /o/-/1/-/d/." 
(Administrator: Be sure to say the sounds, not the letters, in the word.) Let's try a 
few together. 
Practice items: (Assist the child in segmenting these items as necessary.) 
ride go man 
Test items: (Circle those items that the student correctly segments; incorrect 
responses may be recorded on the blank line following the item.) 
dog lay 
keep race 
fine zoo 
no three 
she job 
wave in 
grew ice 
that at 
red top 
me by 
sat do 
Score (number correct) _______ _ 
Researchers Comments: 
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Syllable Segmentation (see Mann & Liberman, 1984 for test items) 
Prompt: Listen to the word butterfly-but-ter-fly. Butterfly has 3 syllables. Did 
you see how I clapped 3 times? Let's try butter. Butter has 2 claps. Let's try 
but. But has one clap. Can you try lollipop? (Provide feedback as needed). 
Guide the child through the remaining training items. This should take no 
more than 1-2 minutes. Discontinue after 5 incorrect items. 
Variable Variable type 
ID Nominal 
C3 Categorical 
C4 
cs 
0,1 Dichotomous 
Appendix C 
Variable key. 
Description 
Child ID number 
Age group (3-, 4-, and 5-year-olds) 
Gender, O=female, 1=male 
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Comments 
1st two numbers 
identify aged cohort 
tim eO Ordinal Testing point. Baseline or first testing point 
time1 is recoded as TimeO. 
time2 
time3 
PAsum1 DV Outcome variable (phonologic;al awareness 
PAsum2 Time-varying measured my multiple subtests) 
PAsum3 Testing point noted by number 
PAsum4 
agemos1 IV Age in months at time testing began. 
agemos2 Time-varying Testing point noted by number 
agemos3 
agemos4 
agemos_cen IV Age centered on 36 months 
Time-varying 
recvocl IV Predictor (receptive vocabulary measured 
recvoc2 Time-varying by PPVT-4) 
recvoc3 Testing point noted by number 
recvoc4 
recvoc_cen IV Receptive vocabulary centered on the mean 
recvoc_censq Time-varying of the 3-year-olds and the squared variable 
expvocl IV Predictor (expressive vocabulary measured 
expvoc2 Time-varying by the EVT-2) 
expvoc3 Testing point noted by number 
expvoc4 
grammar1 IV Grammatical skill as measured by 
grammar2 Time-varying Morphological Generations Test (MGT) 
grammar3 Testing point noted by number 
lgrammar4 
DeNocl IV Definitional vocabulary as measured by the 
DeNoc2 Time-varying Definitional Vocabulary subtest of TOPEL 
DeNoc3 Testing point noted by number 
DeNoc4 
*All variables are Time-varying unless otherwise noted 
**AISS scores are noted with an "a" before the variable name 
A summed score of a 
number ofPA 
subtests 
Listening vocabulary 
· (child points to a 
picture of the word) 
Productive 
vocabulary (naming 
task) 
Muter et al.(2004) 
Depth of vocabulary 
knowledge (e.g., 
noting functional or 
locative information) 
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Appendix D 
Descriptives for the sample and 3-, 4-, and 4-year-olds. 
Predictor Variables N Mean SD Min Max 
Phonological Awareness 
TimeO 61 34.8 21.5 9.0 89.0 
Time 1 51 45.2 21.1 12.0 86.0 
Time2 51 54.9 21.2 19.0 87.0 
Time3 55 62.9 24.4 18.0 109.0 
Receptive Vocabulary 
TimeO 61 75.3 23.7 36.0 123.0 
Time 1 56 81.2 25.1 26.0 134.0 
Time2 52 91.3 23.1 6.0 13.0 
Time3 55 103.0 21.6 66.0 148.0 
Expressive Vocabulary 
TimeO 60 59.6 18.0 23.0 102.0 
Time1 54 67.7 21.1 25.0 124.0 
Time2 51 75.8 17.6 41.0 117.0 
Time3 54 82.2 17.7 43.0 122.0 
Definitional Vocabulary 
TimeO 61 22.0 6.9 4.0 33.0 
Time 1 53 24.3 6.3 8.0 34.0 
Time2 47 25.4 5.3 11.0 33.0 
Time3 55 28.1 3.9 14.0 34.0 
Grammatical Skill 
TimeO 60 10.4 3.4 5.0 19.0 
Time 1 49 12.5 3.6 7.0 19.0 
Time2 49 14.5 3.4 5.0 21.0 
Time3 53 15.2 3.6 7.0 22.0 
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Descriptive statistics for the 3-year-olds. 
Time Varying Outcome Variable N Mean SD Skewness Kurtosis 
Phonological Awareness 
TimeD 2D 18.D . 6.8 D.9 D.6 
Time 1 16 27.8 11.8 D.5 -D.6 
Tirne2 18 4D.1 18.2 1.1 D.7 
Time3 19 49.D 21.D D.2 -1.3 
Time Varying Predictor Variables N Mean SD Skewness Kurtosis 
Receptive Vocabulary 
TimeD 2D 58.1 14.9 1.3 2.6 
Time1 18 59.4 17.8 -D.3 -D.7 
Time2 17 73.1 18.7 D.2 -D.2 
Time3 2D 89.5 11.7 -D.1 -D.5 
Expressive Vocabulary 
TimeD 2D 47.6 16.6 1.7 5.6 
· Time 1 18 49.6 14.5 -D.2 -D.7 
Tirne2 18 61.9 12.8 D.2 -D.9 
Time3 19 71.2 15.8 -D.3 -1.2 
Definitional Vocabulary 
TimeD 2D 16.2 3.6 -D.2 D.1 
Time 1 17 13.6 4.2 -D.2 -1.1 
Time2 16 2D.6 3.6 -D.3 -D.6 
Time3 19 25.4 2.9 -1.5 2.4 
Grammatical Skill 
TimeD 19 8.5 2.4 D.9 1.5 
Time 1 15 9.8 2.7 1.3 D.8 
Time2 16 12.1 3.2 -D.2 D.7 
Time3 19 13.3 3.2 D.1 D.4 
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Descriptive statistics for the 4-year-olds. 
Time Varying Outcome Variable N Mean SD Skewness Kurtosis 
Phonological Awareness 
TimeO 27 36.4 22.1 1.1 0.4 
Time 1 23 47.4 20.3 0.5 -0.5 
Time2 21 57.4 18.7 0.0 -0.8 
Time3 23 63.3 22.7 0.3 -1.2 
Time Varying Predictor Variables N Mean SD Skewness Kurtosis 
Receptive Vocabulary 
TimeO 27 74.1 19.6 0.2 -0.4 
Time 1 24 71.2 15.5 0.3 0.2 
Time2 22 77.2 13.6 0.0 -0 .1 
Time3 22 83.9 15.9 0.5 -0.6 
Expressive Vocabulary 
TimeO 26 57.7 . 9.3 0.5 0.5 
Time1 23 68.0 12.9 -1.9 2.8 
Time2 21 75.3 11.1 -1.0 0.9 
Time3 23 81.1 13.6 -0.4 0.6 
Definitional Vocabulary 
TimeO 27 22.9 5.9 -0.5 -0.6 
Time1 22 25.7 3.7 -0.5 -0.8 
Time2 20 27.8 3.6 -0.5 -0.1 
Time3 23 28.4 2.9 -0.7 0.7 
Grammatical Skill 
TimeO 27 10.41 2.73 0.95 1.76 
Time 1 20 12.60 3.10 0.18 -0.46 
Time2 20 14.65 2.89 0.11 -0.62 
Time3 22 14.95 3.40 0.19 -0.30 
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Descriptive statistics for the 5-year-olds. 
Kurtosi 
Time Varying Outcome Variable N Mean SD Skewness s 
Phonological Awareness 
TimeO 14 55.9 13.3 0.5 -0.3 
Time 1 12 64.2 12.8 -0.3 -0.9 
Time2 12 72.8 13.0 -0.6 -0.9 
Time3 13 82.5 18.7 -0.1 -1.2 
Kurtosi 
Time Varying Predictor Variables N Mean SD Skewness s 
Receptive Vocabulary 
TimeO 14 102.3 16.3 -0.9 0.2 
Time 1 14 103.4 20.7 -1.3 2.9 
Time2 13 114.5 16.9 -1.9 5.2 
Time3 13 129.3 13.1 -0.2 -1.3 
Expressive Vocabulary 
TimeO 14 80.3 14.3 -1.5 3.0 
Time1 13 92.1 15.0 -0.3 2.8 
Time2 12 97.3 10.6 0.2 -0.3 
Time3 12 102.0 9.8 0.1 1.2 
Definitional Vocabulary 
TimeO 14 28.6 3.1 -0.7 -0.1 
Time 1 14 28.4 3.2 0.0 -0.6 
Time2 11 28.2 2.1 -0.1 -0.2 
Time3 13 31.5 1.6 0.3 -0.7 
Grammatical Skill 
TimeO 14 13.1 3.8 0.0 -1.2 
Time 1 14 15.1 3.0 -0.4 -0.6 
Time2 13 17.2 1.9 0.8 -0.3 
Time3 12 18.6 2.1 0.3 -0.1 
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Appendix E 
Observed mean trajectories for receptive, expressive, and definitional vocabulary 
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..._Observed Growth Trajectory 
----Fitted Linear Trend Line 
60 64 
., 
68 72 
Average age in months 
48 52 56 
Average age in months 
..._Observed Growth 
Trajectory 
---Fitted Linear Trend Line 
60 64 68 72 
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Appendix F 
Individual growth records in phonological awareness. 
301 302 303 304 305 306 307 308 309 
rQQGJDQQQQCJ 
310 311 312 313 314 315 316 317 318 
rQ ca la GJ ca old o C2J 0 
319 320 400 401 402 403 404 405 406 
rQQDDGJEJQB[;] 
407 408 409 410 411 412 413 414 415 
qQ[:JCJ[][JQE1[2]Ld 
4"16 417 418 419 420 421 422 423 424 
rgQ[2]GJ EJQg~ca 
0 
~ ~ ~ ~ ~ ~ ~ ~ ~ 
nEJDGBBEJB0B 
508 509 510 511 512 513 514 Time Time 
r0 0 EJ EJ EJ U B Q 
Time Time Time Time Time Time Time 
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Appendix G 
Observed trajectories for phonological awareness for the sample and by age 
group (N=20, 25, and 13, respectively). 
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AppendixH 
Unconditional means and unconditional growth models for the outcome and predictor variables. 
Phonological Receptive Vocabulary Expressive Grammatical Definitional Vocabulary 
Awareness 1 Vocabulary3 Skill4 
Model estimated: UMMa UGM0 UMMa UGM0 UMMa UGM6 UMMa UGM6 UMMa UGM0 
N 220 217 224 223 219 217 211 208 216 213 
Intercept 
Initial status: 0.44*** 0.04*** 0.38*** 0.17*** 0.37*** 0.17*** 0.54*** 0.28*** 0.71*** 0.48*** 
(0.02) (0.03) (0.01) (0.01) (0.01) (0.01) (0.02) (0.02) (0 .02) (0.04) 
Variance 
components 
Level 1 .023*** .0097*** .005*** .002*** .004*** .002*** .017*** .003 .014*** .007*** 
(.013) (.0006) (.0005) (.0001) (.003) (.002) (.004) (.002) 
Level2 .028*** . 013*** .007*** .004* .007*** .004*** .010*** .01 0*** .017*** .045** 
(.002) (.003) coo2) (.001) (.003) (.001) (.004) (.001) 
Interclass 
correlation• 
.58 .58 .64 .37 .55 
Pseudo R2b .44 .60 .50 .82 .50 
Rate of change 
AGE 0.02*** 0.01*** 0.01*** 0.012*** 0.011 *** 
(0.001) (0.0006) (0.0004) (0.001) (0.001) 
Deviance 
-2LL -102.4 -248.5 -423.9 -598.9 -189.4 -284.3 -207.7 
AIC -98.4 -240.5 -419.9 -590.9 -448.6 -635.1 -185.4 -278.3 -203 .7 -299.9 
BIC -98.2 -232 .0 -415.7 -582.5 -444.4 -628 .8 -181 .2 -271.9 -199.5 -291.4 
-p=<.1 0; *p<.OS; **p<.01; ***p<.001 1 APASUM 2 ARECVOC 3 AEXPVOC 4 AGRAM 5ADEFVOC 
• Unconditional means model b Unconditional growth model including age_cen N N 
\0 
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Appendix I 
Estimated contribution of receptive vocabulary (recvoc), expressive vocabulary 
( expvoc) and grammatical skill on growth in phonological awareness compared 
f/) 
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AppendixJ 
Quartile means of the vocabulary variables in the prototypical growth 
trajectories. 
Receptive vocabulary Expressive vocabulary Grammatical Skill 
Time () 1 2 3 0 1 2 3 0 1 2 3 
Age3 
25th 40.4 41.3 49.7 67.4 41.0 40.0 52.0 58.0 7.0 8.0 10.5 10.0 
50th 48.0 50.1 59.8 76.2 46.5 50.5 61.0 74.0 8.0 9.0 12.0 14.0 
75th 56.0 64.0 72.4 83.4 53.5 58.0 72.0 87.0 10.0 10.0 14.0 15.0 
Age4 
25th 46.3 60.6 69~9 72.4 51.0 63.0 69.0 72.0 9.0 10.5 12.0 12.0 
50th 61.5 71.6 74.1 80.4 59.0 69.0 78.0 82.0 10.0 12.5 14.5 14.5 
75th 74.1 79.2 89.3 101.1 63.0 77.0 82.0 89.0 11.0 14.5 17.0 17.0 
AgeS 
25th 78.3 79.2 94.3 103.6 78.0 91.0 89.0 96.0 10.0 13.0 16.0 17.0 
50th 91.4 88.0 98.5 106.1 81.5 95.0 97.5 102.5 12.5 15.5 17.0 18.5 
75th 95.2 96.8 101.9 117.9 87.0 96.0 104.0 107.0 17.0 17.0 18.0 19.5 
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AppendixK 
Continuum of phonological awareness used in the post hoc analysis 
Synthesis Levell Level2 
Syllable blending Atljpical unit 
Word/syllable blending At):'!~ical unit blending 
Hot-dog:' Go-t* 
Star-fish* Ca-t* 
Door-knob* 
Air-plane Ca-p 
Rain-coat Sew-k (soak) 
Bath -tub 
Total# items 6 4 
Analysis Levell Level2 
Syllable segmentation Syllable deletion 
Rhyme detection 
Syllable Sewentation (1) Syllable deletion (TOPEL) 
1 (7) 2(7) 3(7) Sunflower without flower* 
House GffiRer. Popsicle Snowshoe without snow* 
&>< penny ¥aleffiffie See saw without see* 
Cook GfeR President 
Greffi Children I*Eyele (1a) Syllable deletion (TOPEL) 
Jump betteF Gasoline Shoelace without lace 
~ Morning CHrnmeer Playground without ground 
Wind Me"*ey Holiday Driveway without drive 
Beat Wagon 
Cake Aff*e (2) Rh):'!!!e detection (Fein & Baker) 
"'* 
Funny cat hat bell 
Break l'a#!er fish dish book 
SRee Yellow arm bus farm 
Rude J"'f'Ei! sand hand cup 
gnrss hen car pen 
(CW-2syl) CW-3 syl) wall dog ball 
birthday :J:if'e,,rHer boat goat head 
Anything hill pill duck 
NeOOay sock bed rock 
Overshoe sun toy fun 
12eel<etBeel< 
Superman 
lliRgeFFiail 
Total# of items 21 16 
*Picture prompts used (4 choices) 
Level3 
Onset-rime blending 
Onset-rime blend 
B-air (bear)* 
F-ox 
H-at 
3 
Level3 
Phoneme elision 
Onset-rime seg 
(1) Phoneme elision (IOPEL) 
Lamp without /p/* 
Shoot without /t/* 
Tease without /z/* 
(la) Phoneme elision (IOPEL) 
Heat without /t/ 
Raid without /d/ 
Team without /m/ 
(2) Onset-rime seg O:oEEl 
No me Zoo by 
do she lay 
1 point for any word divided into 
onset-rime (up to 7) 
(2a) Phoneme seg (YS) 
dog keep fine wave grew 
that red sat lay 
race three job top ~ 
iee 
1 point for a word divided into 
onset-rime (up to12) 
25 
Level4 
Phoneme blending 
Phoneme blend 
B-i-ke 
F-i-sh 
2 
Level4 
Phoneme segmentation 
Rhyme production 
(1) Phoneme sewentation (YOEEl 
dog keep fine wave grew that 
red sat 
race three job top in at 
ice 
1 point for any word divided into 
phonemes (up to 15) 
(2) Rl1):'!!!e Production (Fein&Baker) 
cat goat 
tail bell 
fun hit 
light nap (8 items) 
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Appendix L 
Correlations of between phonological awareness tasks and receptive and expressive vocabulary. 
Syllable Onset-Rime Phoneme Syllable Syllable Phoneme Onset-Rime Phoneme Rhyme Rhyme Expressive 
Blending Blend Blend Segment Elision Elision Segment Segment Detect Production Vocabulary 
Onset-
Rime 0.09 
Blending 
Phoneme 
Blending -0.03 .643" 
Syllable 
Segment .283' 0.23 0.24 
Syllable 
Elision .523" .460" .388" .522" 
Phoneme 
Elision .365" .300' 0.18 .544" .731'' 
Onset-
Rime 
Segment 
0.18 .397" .330' .312' .442" .525" 
Phoneme 
Segment 0.15 .408" .342' .487" .387" .544" .833" 
Rhyme 
Detect 0.26 .375" .486"' .526" .553" .502" .352' .381" 
Rhyme 
Production .271' .432" .437" .560" .580" .568" .435" .439" .699" 
Expressive 
Vocabulary .279' .513" .540" .417" .720" .547" .483" .388" .608" .630" 
Receptive 
0.22 .428" .521" 0.19 .608" .527" .378" .295' .559" .629" .872" Vocabulary 
N 
w 
~ 
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